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A computer program for simulating geohydrologic 

systems in three dimensions

by 

D. R. Posson, G. A. Hearne, J. V. Tracy, and P. F. Frenzel

ABSTRACT

This document is directed toward individuals who wish to use a 
computer program to simulate ground-water flow in three dimensions. 
The strongly implicit procedure (SIP) numerical method used to solve 
the set of simultaneous equations is based on the computer programs 
published by Trescott (1975) and Trescott and Larson (1976). New 
data processing techniques and program input and output options are 
emphasized. Theoretical development is minimized, referring to other 
sources for this information.

The aquifer system to be modeled may be heterogeneous and 
anisotropic, and may include both artesian and water-table 
conditions. Systems which consist of well defined alternating layers 
of highly permeable and poorly permeable material may be represented 
by a sequence of equations for two dimensional flow in each of the 
highly permeable units. Boundaries where head or flux is 
user-specified may be irregularly shaped. The program also allows 
the user to represent streams as limited-source boundaries when the 
stream flow is small in relation to the hydraulic stress on the 
system.

The data-processing techniques relating to "cube" input and 
output, to swapping of layers, to restarting of simulation, to 
free-format NAMELIST input, to the details of each subroutine's 
logic, and to the overlay program structure are discussed. The 
program is capable of processing large models that might overflow 
computer memories with conventional programs. Suggestions are given 
for the modeler wishing to convert this code to computers not 
manufactured by Control Data Corporation. The program is written 
completely in the FLECS structured programming language, and produces 
standard FORTRAN source statements.



Detailed instructions for selecting program options, for 
initializing the data arrays, for defining "cube" output lists and 
maps, and for plotting hydrographs of calculated and observed heads 
and/or drawdowns are provided. Output may be restricted to those 
nodes of particular interest, thereby reducing the volumes of 
printout for modelers, which may be critical when working at remote 
terminals. "Cube" input commands allow the modeler to set aquifer 
parameters and initialize the model with very few input records.

Appendixes provide instructions to compile the program, 
definitions and cross-references for program variables, summary of 
the FLECS structured FORTRAN programming language, listings of the 
FLECS and FORTRAN source code, and samples of input and output for 
example simulations.

INTRODUCTION

The computer program documented in this report simulates the 
flow of ground water in a three-dimensional aquifer system. The 
numerical method used to solve the set of simultaneous equations is 
the strongly implicit procedure (SIP) described by Stone (1968) for 
two dimensional problems, extended to three dimensions by Weinstein, 
Stone, and Kwan (1969) and published as computer code documentation 
by Trescott (1975) and Trescott and Larson (1976). The modeler must 
evaluate the applicability of the program to the specific 
geohydrologic system that he intends to simulate.

The aquifer system may be hetergeneous and anisotropic and may 
include both artesian and water-table conditions. The physics of the 
flow field may be approximated by either of two basic sets of 
simultaneous equations. For an aquifer system in which storage in 
confining beds is not significant, the flow field may be described by 
the equation for the flow of ground water in three dimensions. For 
an aquifer system in which storage in confining beds is significant, 
the flow field may be described by a sequence of equations for two 
dimensional horizontal flow in each of the more permeable beds 
coupled by the equations for one-dimensional vertical flow through 
the poorly permeable beds.

The computer program allows both specified-head and 
specified-flux boundaries. At a specified-head boundary, the head is 
not allowed to change during any given interval of time. At a 
specified-flux boundary, the flow into or out of the aquifer system 
is not allowed to change during any given interval of time. The 
computer program also allows head-dependent source/sink boundaries at 
which the flow rate is calculated to represent recharge from or 
discharge to a stream.



The program documented in this report differs from earlier 
computer codes in several major respects. The data array structure 
and data processing techniques used in this code allow the economical 
processing of extremely large grids, essentially unconstrained by the 
physical limits of a computers' memory. A layer swapping algorithm 
is utilized, based on the techniques developed for the "HULL" 
programs by Matuska, Durrett, etal (1973). The program is written 
completely in structured FORTRAN and uses the FLECS structured 
precompiler written by Beyer (1975). The output from FLECS includes 
standard FORTRAN IV for the CDC Cyber-176 computers. The FLECS code 
is listed in Appendix VII and the FORTRAN code is listed in 
Appendix VIII.

The input/output logic within the program is totally different 
than the schemes used in Trescott and Larson (1976). The user 
selects run-time options using the free-format NAMELIST I/O. Data 
grid initialization uses "cube" input techniques, which drastically 
reduces the number and complexity of input records. Output "cubes" 
may be defined to reduce the volume of printed output and focus the 
output on areas of greatest interest to the modeler. Operation of 
the program from a remote terminal is thereby made more efficient. 
Extensive backup and restart logic has been designed into the code to 
allow the modeler to break up long or complex simulations into 
stages. Thus, the user may review results and modify the model 
parameters as desired. The I/O structure and program design ease the 
logistics of changing grid schemes and reinitializing the estimates 
of geohydrologic parameters compared to earlier simulation programs.

The data processing techniques designed into the program are 
outlined in an effort to assist the user and to indicate potential 
problem areas if attempting to run this code at computer facilities 
that do not have CDC Cyber computers available. Detailed 
instructions on the input data structure, together with examples of 
input and output, should5 facilitate the actual use of this program.

References to other publications are provided which discuss the 
physics of ground-water flow, the finite-difference solution of 
partial differential equations, structured programming languages and 
the specifics of Control Data Corporawion Cyber computer ccftvnrc.

This report is the result of cooperation between the
U.S. Geological Survey, the U.S. Bureau of Indian Affairs, and the
Office of the New Mexico State Engineer.



CAUTION TO USERS AND DISCLAIMER

The user of this program is cautioned to verify that the program 
is in fact functioning as intended for the specific data being used. 
Not all options have been exhaustively tested; therefore, the program 
is subject to revision as any subsequent errors are encountered. The 
user is advised to contact the authors and obtain information as to 
revisions in the program which may have been made since this document 
was released. In spite of these cautions, the program is believed to 
be operational as described.

The data processing techniques used in the program were 
developed on computers manufactured by Control Data Corporation. The 
use of the brand name in this report is for identification purposes 
only and does not imply endorsement by the U.S. Geological Survey.

REPRESENTATION OF GEOHYDROLOGIC SYSTEMS

If the geohydrologic system to be simulated is a simple aquifer, 
a two-dimensional model may be adequate. The three-dimensional model 
is capable of simulating the response of complex aquifer systems. An 
aquifer system is a heterogeneous body of intercalated permeable and 
less permeable material which acts as a hydraulic unit of regional 
extent. The computer program documented herein evolved from that of 
Trescott (1975) as modified by Trescott and Larson (1976).

Representation of the aquifer system

The digital simulation of geohydrologic systems requires that 
the continuous functions of space and time be made discrete. A 
rectangular block-centered grid (in which variable grid spacing is 
permitted) is used to form the finite difference approximations for 
the derivatives in the flow equations.



Geohydrologic systems in which storage 

in confining beds is not significant

If confining beds are thin relative to the vertical dimension of 
the cells of the model, each cell will represent several beds of both 
permeable and less permeable material. In the macroscopic scale of 
the model the cell is homogeneous although possibly anisotropic. The 
flow field may be described by the equation for ground-water flow in 
three dimensions.

(A)— !-(K Hi) + J_(K J^)+-!(K i5. ) = S |£ + W (x,y,z,t)ax x ax' 3y y ay az z ^z' s 3t

in which

K , K , K are the hydraulic conductivities in the x, y, and 
x' y z ' J

z directions (LT~~ ); 

h is the hydraulic head (L);

S is the specific storage (L );
6 -i

W is the volumetric flux per unit volume (T ).

This is equivalent to Trescott's equation 3 (Trescott, 1975, p. 3), 
and may be solved by the computer program.

Alternately, equation A can be multiplied by the thickness of 
the hydraulic unit and expressed as:

(B) JL(T ——.) + —— (T l2l) + b -MK Hi) = slA+ bW (x,y,z,t)v ' 9 x v x a x' 3 y y 3 y 9 z v z 3 z' 31

in which
2 -1 

are the transmissivities in the x and y direction (L T );
_ i 

K is the hydraulic conductivity in the z direction (LT );
Z

h is the hydraulic head (L);

S is the storage coefficient (dimensionless);

b is the thickness of the hydraulic unit (L);

W is the volumetric flux per unit volume (T ).

This is equivalent to Trescott's equation 4 (Trescott and Larson, 
1976, p. XV) and may be solved by the computer program.

The finite-difference approximation and the solution algorithm 
used by the computer program are described by Trescott (1975).



Geohydrologic systems in which storage 

in the confining beds is significant

An aquifer system which consists of alternating well-defined 
layers of highly permeable and poorly permeable material requires 
special consideration if the confining beds are thick relative to the 
vertical dimension of the model T s cells. Steady-state flow in such a 
system may be simulated with equation A or B. However, the time 
dependent flow through the confining beds is complicated by the 
storage properties of the confining beds. To approximate the 
transient response with equation A or B would require that the 
confining bed be represented by several layers of cells. This 
approach has practical limitations because computer costs are 
directly related to storage and computation requirements.

The three-dimensional flow field may be approximately described 
by a sequence of equations for two-dimensional flow in each of the 
highly permeable beds coupled by the equations for one-dimensional 
vertical flow through the confining beds.

(Tx r> + 3 (T i' • s r + bw

in which

Q is the volumetric flux per unit area from the confining 
Li

beds (I/T1 ); 

and the other variables are as defined for equation B.

The leakage between aquifers is augmented by the change in 
storage in the intervening confining bed. The release of this water 
is delayed by the time of propagation of the change in head 
vertically through the confining l»cu. A very approximate ~.cthcd "ac 
implemented by Bredehoeft and Finder to simulate this leakage (1970). 
In the three-dimensional model (Trescott, 1975), no provision was 
made for simulation of transient leakage in layered systems, as a 
more general method was being investigated. The method described 
below has been incorporated into the general three-dimensional code 
and is a rather general approximation of transient leakage that is 
consistent with the preservation of mass in the confining layer. The 
method has wide applicability and is, in general, quite accurate. 
The assumptions and limitations are discussed in the following 
sections, and a comparison with an analytic solution of Hantush 
(1960) is presented.



Analysis*—The method is derived from the approximation of a general, 
analytical solution of one-dimensional flow through a confining 
layer. The analysis considers a vertical line between the overlying 
and underlying nodes in one such layer. The results are applied to 
all node pairs separated by confining layers in a given flow system. 
The geometry of the confining layer is depicted in figure 1. The 
heads in the underlying and overlying aquifers vary continuously in 
time; the flow in the aquifers is assumed to be horizontal, and the 
flow in the confining layer is assumed to be vertical. This 
assumption is generally valid if a permeability ratio of 
approximately 100 exists between the aquifer and the confining layer. 
The flow in the confining layer is described by the preservation of 
mass and the assumed applicability of the Darcy momentum equation. 
The resulting mass equation and boundary conditions are given by:

s 3h- - - = 0;

(D2) h (2,0) - (H2 (o) - Hx (o)) |, + ^ (o);

(D3) h (o,t) = E (t);

(D4) h (b',t) = H2 (t)

in which,

h(z,t) is the head in the confining layer at time t and

height z above aquifer 1 (L);

b f is the thickness of the confining layer (L); 

K 1 is vertical hydraulic conductivity of the confining

layer (LT"1 ); 

S 1 is the specific storage of the confining layer (L );
S

H- is the head in aquifer 1 (L); and 

H0 is the head in aquifer 2 (L).



Qz

f

Qi

f

AQUIFER 2

CONFINING LAYER

AQUIFER 1 
T, S

Figure 1.—Geometry of the confining layer.



The flow in the confining layer is assumed to be initially 
steady. The general solution of these equations is given by 
equations E.

(El) h (z,t) = (H2 (t) - Hx (t)) |,+ El (t)

+ / t H- (T) G (t-i, b'-z) dt 
o l

+ /* H2 (T) G (t-t, z) dt 

in which

2 =« f-nn 2 2 K't (E2) G (t,z) = — n I -—- exp (——^————) sin (-£7-)
71 n = 1 n b 1 S f

s

with the dot (.) denoting differentiation with respect to time.

Generally only the flow to or from a given aquifer is of 
interest, so that, by application of Darcy's law at the confining 
layer boundaries (o, b 1 ), the flux into each aquifer may be 
determined. These are given by equations F.

(Fl) Qx (t) =—- [(H2 (t) - HX (t)) 

+ •''o H2 (T) g (t-T) di 

- /0 H, (T) f (t-t) di]

and

(F2) Q2 (t) =p- [(Hx (t; -

•

+ /' \ (T) g (t-t) dt

S t '
- J 0 H (T) f (t-T)



in which:

118=00 22,

(F3) f (t) = 2 £ exp ("n ," K>t )
n = 1 b' Z S 1

and

n = °° 22 ,
(F4) g (t) = 2 I exp [("" " K C ) (-l)n ]

n = 1 b 1 S f

The functions f(t) and g(t) are frequently denoted as the memory and 
influence functions respectively.

Approximations . — The details of the approximations are given in a 
report by Tracy which is in preparation (March, 1980). Only the 
essentials are presented here to provide a basic understanding of the 
approach. First, the time derivations are approximated in the same 
fashion as the change in aquifer storage; that is, the derivative is 
assumed to be a constant over a given time step so that the integrals 
in equations (Fl) and (F2) become the sum of a set of integrals over 
each time step, with the current time step integral being handled 
implicitely.

The only other approximations necessary are to approximate the 
functions f(t) and g(t) by finite exponential series which preserve 
water mass in the confining layer and also converge to the infinite 
series as more terms are incorporated." The number of terms, N, is 
called the "mode". Because the integrals for each value of n 
(n = 1, N) must be saved for each node in each confining layer, it is 
preferred to retain only a small number of terms. Therefore, very 
accurate approximations of the functions f(t) and g(t) are desired to 
be economical with respect to the number of terms retained. The 
finite series take the forms:

n = N 22, 
(Gl) f (t)£ I b exp ("n ! K t )

and

n = 1 n b' S f

n = N 2 2 
(G2) g (t)* Z c exp ("n . K t )

n = 1 n b' Z S'
s

10



The coefficients, b and c (n = 1,N), are calculated by the 

program and are only a function of N, the number of terms retained in 

the series. They are not a function of either confining layer or 

aquifer properties, and may, therefore, be applied uniformly to all 

points in all aquifers that are continguous to any confining layer.

Because the fluxes, q, (t) and q«(t) change exponentially with 

time, the actual formulation calculates a change in volume over a 

time step

t + A t 
(HI) AV-L ( At) = f ql (T) dx

and applies a time average flux
(H2) q± (t) = AV ( At)

At 

during the time step.

Discussion.—The method has been compared with a problem for which 

Hantush (1960) developed the analytical solution. (This problem is 

the same one described by Trescott, 1976, in the leakage discussion 

of the two-dimensional model). The system consists of an aquifer 

which is pumped, an overlying confining layer, and an overlying

aquifer which is quiescent. For the lower aquifer the transmissivity
2 -4 

is 0.1 ft /s, the storage is 1 x 10 , and the thickness is 1 foot.

For the confining bed the vertical' hydraulic conductivity is

1 x 10 ft/s, the specific storage is 1 x 10 /ft, and the thickness
3 

is 100 feet. The discharge is 1 ft /s.

rigure 2 depicts the comparison of the analytic solution ami i.ue 

numerical approximation. The cumulative volume of leakage for modes

greater than 2 is accurate to less than 2 percent error for
K * t —2 nondimensional time (—«——) larger than 10 . For the time smaller

b 1 S' 
s

than this, although the percent difference is large, leakage is a

small percentage of the volume of water being pumped. Since most of
-2 -1 

the volumetric transient leakage occurs between 10 and 5 x 10

nondimensional times, the method seems adequate for most simulations 

of leaky systems.
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The method that has been implemented into the three-dimensional 
code to simulate transient leakage is sufficiently general to be 
applicable to most model usage. The approximations are efficient and 
sufficiently accurate to simulate most leakage problems. However, if 
the period of simulation extends^ over a very small range of 
nondimensional time, less than 10 , the present method will not 
accurately predict the leakage. Some effort is presently being made 
to alleviate this restriction. The computer code is designed to 
allow restart during a transient simulation; however, care must be 
taken to specify the same number of leakage modes (N) during the 
simulation restart.

Combined water-table and artesian aquifer systems

In water-table aquifers, transmissivity is a function of the 
saturated thickness of the hydraulic unit and the appropriate storage 
coefficient is the specific yield. The special computations of 
transmissivity and storage coefficient required by a combined 
water-table and artesian aquifer system (Trescott, Finder, and 
Larson, 1976, pp. 10-11) are included in the computer code.

The water-table may be represented in one of two manners. In 
one, the top layer of cells may represent the water-table conditions 
(as in Trescott, 1975). The hydraulic conductivity and elevation of 
the bottom of the hydraulic unit need only be specified for the top 
layer of cells. The hydraulic conductivity and bottom elevation are 
two-dimensional arrays. Each cell of the top layer may represent 
water-table conditions and will become inactive (transmissivity set 
to zero) when the saturated thickness becomes nonpositive.

In the other, the computer program allows for each cell in the 
model to represent artesian or water-table conditions or become 
desaturated. A cell is treated as artesian if the overlying cell is 
active (that is, if the transmissivity of the overlying cell is 
greater than zero). If the overlying cell is not active (that is, 
the transmissivity of the overlying cell is zero), the cell may 
represent artesian or water-table conditions or be inactive depending 
on the relative magnitudes of the head simulated for the node in the 
center of the cell and the elevations associated with the bottom and 
top of the cell. The hydraulic conductivity and bottom elevation are 
specified as three-dimensional arrays. The top elevation is 
calculated as the bottom elevation plus the thickness. The cell is 
artesian if the head is above the top, water table if the head is 
between the top and the bottom, and inactive if the head is below the 
bottom.
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Representation of the boundary conditions

Specified-head, specified-flux, and head-dependent source/sink 
boundaries may be represented using the computer program. Changes in 
boundary conditions with time are represented by dividing the total 
simulation into discrete intervals. The first eschelon of 
subdivision (such as steady-state, history, and projected future) are 
called stages. Each stage may be subdivided into pumping periods. 
Each pumping period is subdivided into time steps as described by 
Trescott (1975, p. II-3, II-l). Changes in boundary conditions may 
occur between time steps, pumping periods, or stages.

Specified head

A specified-head boundary can be used to represent parts of the 
aquifer system where the head is constant over the time interval 
being simulated. Recharge areas can be represented as specified-head 
boundaries for steady-state simulations. Areas along major rivers or 
beyond the influence of hydraulic stress can be represented as 
specified-head boundaries for transient simulations.

Specified flux

Specified-flux boundaries can be used to represent parts of the 
aquifer system where the flux rate is constant during the time 
interval being simulated. A no-flow boundary is a special case of 
the specified-flux boundary. The algorithm requires that the modeled 
area be surrounded by a no-flow boundary. Other boundaries may be 
specified within this shell.

Specified-flux boundaries may be defined such that the flow rate 
is independent of the simulated heads. These fluxes may represent 
well withdrawal or injection, ground-water flows beyond the influence 
of hydraulic stress, or recharge.

14



Recharge is defined in a two-dimensional array as the volumetric 
flux per unit area (LT ) to the upper layer of cells. The flow rate 
is constant for each stage of the simulation.

Well withdrawal or injection is defined for each well as the 
flow rate (L /T) when solving equations B or C or the flow rate per 
unit thickness (L /T) when solving equation A. The flow rate is 
constant for each pumping period of the simulation. For each well 
the location (row, column, and layer of the cell) is associated with 
the rate of withdrawal or injection in convenient units and the index 
for the appropriate conversion factor. The computer program 
accumulates in each node the total rate of withdrawal or injection 
for all wells in the cell. These constant fluxes may be either reset 
to zero between pumping periods with new flow rates defined each 
pumping period or accumulated throughout the simulation with changes 
in flow rates defined each pumping period.

Head-dependent source/sink

A head-dependent source/sink boundary can be used to represent 
recharge from or discharge to streams, including streams whose flow 
is small relative to the. hydraulic stress. The nodes selected to 
represent streams are grouped into reaches such that the interior 
nodes of each reach are isolated from other reaches. The user 
defines each reach and the nodes within the reach in the order in 
which they are to be processed.

The flow available in the first node of each reach is the total 
of the flow specified by the user (for each pumping period) and the 
flow routed to this reach from other reaches. As each node is 
processed, the flow available in the stream is modified by the volume 
ga-fried f-rrun or lost to fhe aquifer system. At the end of each reach 
the flow available in the stream may be routed to the first node of 
another reach.

To route the flows in this manner the constant-flow rates are 
estimated each time step from the head simulated for the previous 
time step. This explicit calculation forces two restrictions on the 
use of this boundary condition. First, multiple time steps with a 
finite storage coefficient are needed to simulate a steady-state 
condition. And second, for transient simulations the time step 
should be small relative to the intervals over which the hydraulic 
stress is varied.
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The constant flow rate at each stream node is estimated from 
Darcy's Law which can be written in finite-difference form as

Q_ = K

in which

On is the flow rate (L T ); 
R

K is the hydraulic conductivity (L T ) of the river bed;

2 
A is the area of flow (L );

hD is the head in the river (L); 
K

h is the head in the aquifer (L); and
A

d is the distance over which the head gradient occurs (L) .

For the computer program this is expressed as

(I) QR = K'A' (hR - hA)

in which

2 A* is the surface area of the cell (L );

K 1 is a constant of proportionality which accounts for the 

hydraulic conductivity, the percentage of the area of the 

cell through which flow occurs,- and the distance over which 

the head difference occurs (T ).

Flow rates from the river to the aquifer system are further 
restricted to be the lesser of the flow calculated by equation I, the 
maximum infiltration rate (as uefiueu by the user), anil tlie flow 
available in the stream.
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DATA PROCESSING TECHNIQUES

The program described in this document departs from program 
design and data-processing techniques which have become customary 
with intensively computational simulation programs. Features are 
presented which consolidate and build on design characteristics of 
recent simulation programs with which the authors have become 
familiar. Primary among these is the "HULL" code developed by 
Matuska, Durrett and others (1973) at the Air Force Weapons 
Laboratory, Kirtland AFB, during the period 1970-1973. "HULL" is a 
modular set of programs, written in English and FORTRAN. It was 
developed after the signing of the atmospheric test ban treaty to 
simulate the energy flow and particle transport effects of 
thermonuclear explosions. Many of the ideas incorporated into the 
design of the program described in this report have origins in the 
innovative thinking of the authors of "HULL". In particular, the 
techniques relating to layer swapping and array structure on Control 
Data mainframes stem from "HULL".

These and other techniques are used to facilitate those aspects 
of digital ground-water modeling which have been cumbersome and which 
have limited the practical application of computer programs to 
aquifer simulation. The size of central memory on computers has 
historically limited the size of models which may be run. Techniques 
presented in this document may be used to run models of virtually 
unlimited size. Further, large simulations could be run on 
minicomputers using these techniques assuming that sufficient disc 
storage were available.

Array storage and subscripting have been renovated to reduce the 
computation overhead associated with "number-crunching" code. The 
input/output scheme, using "cube" data initialization and list/map 
output methods, drastically reduces the number of input records 
required to initialize even the largest of grids and reduces the 
volume of printed output produced. This aids modelers, especially 
those working from remote terminals.

FORTRAN has been the language traditionally used for 
finite-difference simulations because of its efficient use of central 
processing units and its familiar and convenient mathematics-like 
notation. FORTRAN, however, is not a "structured" language. As 
such, the inherent logic of a program tends to be obscured by 
"housekeeping" necessities such as GO TO statements, statement 
numbers, and countless conditional statements with associated 
branches. As a result of this, modifications to FORTRAN programs 
require extensive knowledge of the total program logic and are quite 
error-prone.
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This program is written in the structured language, FLECS 
(Fortran Language with Extended Control Structures, Beyer, 1975). 
The program is modular. The data-input module is coded as one 
overlay, and the SIP computational module is another overlay. 
Subroutines which are shared by both exist in the "main" overlay. 
Each subprogram is further divided into self-contained modules 
defined by the extent of the FLECS control structures. Each module 
may be modified with little concern about the contents or purpose of 
other modules within the program. The program contains no GO TO 
statements, and the logic of each subprogram flows naturally from the 
top to the bottom of the code.

In addition to listing the source code (Appendix X), FLECS 
translates the FLECS source code into standard FORTRAN, which is then 
compiled in the usual manner. The FLECS-produced FORTRAN executes 
approximately five to ten percent more slowly than FORTRAN written 
directly as FORTRAN. Similarly, FORTRAN produces code which is 
slower than comparable code written in Assembler. However, the 
benefits accruing to the programmer who uses a structured language, 
like FLECS, outweigh this drawback.

Control Data Corporation Cyber-170 model 176 

computer architecture

This program was developed initially on a CDC-6600 computer 
using the SCOPE 3.2 operating system. It was then adapted to the 
CDC-7600 using SCOPE 2.0. Finally, it was readapted to the Cyber-170 
iuoJcl 17C computer using the NOS/*E operating system. The FTN3 
FORTRAN compilei was used on the CDC-6600, and the FTNA FORTRAN 
compiler has been used on subsequent mainframes. The CDC Cyber-170 
model 176, commonly referred to as the Cyber-176, is the 
semiconductor memory version of the CDC-7600. Although the Cyber-176 
differs from the CDC-7600 in many ways, this code may be run on 
either of the 7000 class mainframes. Some simulations may be run on 
the CDC-6600, however the 6000 is limited in memory size and may not 
run most simulations satisfactorily. The user may specify the 
mainframe at execution time with the use of the MF6000=.TRUE. or the 
MF7000=.TRUE statements in data input block 2. Refer to Appendix II.
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The Cyber-176 has three different types of on-line memory in its 
design. Each type assigns memory in 60-bit words. A single word may 
contain one integer, or one floating-point value, or ten alphanumeric 
BCD characters. Integers are signed and must be in the inclusive 
range of magnitudes from -(2**59 - 1) to +(2**59 -1), or 
approximately 16 significant digits. Floating-point values are 
signed and must be in the inclusive range of magnitudes from 10**-293 
to 10**+322, or approximately 14 significant digits. Logical 
variables (those with two states, .TRUE, or .FALSE.) are negative 
when .TRUE, and positive when .FALSE.

SCM, small "core" memory, also called "Level 1" memory, has 
become a generic term for .the "central memory" of the Cyber-176, even 
though it is a misnomer. SCM is in fact semiconductor, not "core", 
memory. SCM has the fastest cycle time of the three memory types. 
It is also the most expensive to occupy and has the smallest 
addressing space, limited to 131,072 decimal words due to the 18-bit 
address registers. In order to be executed by the CPU, all program 
instructions must be resident in SCM. SCM is the default "Level" of 
memory allocated by FORTRAN for all instructions, constants and 
arrays. SCM may explicitly be requested by the FORTRAN programmer by 
specifying:

01234567 

123456789012345678901234567890123456789012345678901234567890123456789012345678 

LEVEL 1, variable-names, array-names, etc.

within the data specification portion of a FORTRAN program. (CDC 
Fortran Extended Manual, p. 3-13). SCM utilizes direct addressing 
methods.
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LCM, large "core" memory, has also become a generic term for the 
"extended memory" of the Cyber-176. LCM may be "core" or 
semiconductor. The acronym ECS, extended "core" storage, is used for 
large memory on the CDC-6600 computers, LCM may be defined as 
"Level 2" or "Level 3". When defined as:

01234567 

123456789012345678901234567890123456789012345678901234567890123456789012345678 

LEVEL 2, variable-names, array-names, etc.

variables and arrays which are stored in LCM are word-addressable. 
Individual words of LCM may be addressed in much the same way that 
individual words of SCM are addressed. For example, if:

01234567 

123456789012345678901234567890123456789012345678901234567890123456789012345678

LEVEL 2, X

COMMON /LABEL/ X(...)

X(I)=Y

the value of the SCM variable Y would be moved to the LCM location of 
X(I). Y is stored in SCM by default, since it has not explicitly 
been defined in a "LEVEL 2" statement.
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The significance of the "LEVEL 2" type variables becomes clear 
when we discuss the third type of Cyber-176 memory, LCM "LEVEL 3". 
Variables defined using:

01234567 

123456789012345678901234567890123456789012345678901234567890123456789012345678

LEVEL 3, X

COMMON /LABEL/ X(...)

FORTRAN specifications are placed in LCM storage, just as "LEVEL 2" 
variables are. The programmer may move blocks of data to and from 
"LEVEL 3" LCM by means of the CDC FORTRAN library subroutine 
"MOVLEV". The syntax of this subroutine call is:

01234567 

123456789012345678901234567890123456789012345678901234567890123456789012345678 

CALL MOVLEV(from,to,number-of-words-to-be-transferred)

While "LEVEL 3" arrays are quite useful for high speed transfers of 
contiguous block of data, there is no way on the Cyber-176 to address 
individual words of "LEVEL 3" LCM other than successive calls to 
MOVLEV with each call transferring one word.

All variables and arrays defined in LCM, whether "LEVEL 2" or 
"LEVEL 3", must be defined both within labelled COMMON blocks and in 
the "LEVEL 2" or "LEVEL 3" statements per se. As a result, no 
variable may be defined within both "LEVEL 2" and "LEVEL 3" since no 
variable may be defined within two different labelled COMMON blocks.

LCM "LEVEL 2" may utilize direct addressing methods when the sum 
of LCM required by a program is less than 131,072 words. No single 
labelled COMMON block may exceed 131,072 words. When the sum of LCM 
required by a program exceeds 131,072 words, indirect addressing 
™<» tholes ™ust he requested from the FORTRAN compiler by using the 
Cyber control card

01234567

123456789012345678901234567890123456789012345678901234567890123456789012345678

FTN(....,LCM=I,...)

when compiling the program (refer to Appendix I). Addressing of LCM 
"LEVEL 3" block transfers through the use of subroutine MOVLEV will 
also use direct or indirect addressing methods depending on the 
optional use of this FTN parameter.
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This program uses all three types of Cyber-176 memory. 
Variables and small arrays which are frequently used are stored in 
SCM. Larger arrays and variables which are less frequently 
referenced are stored in LCM, "LEVEL 2". Finally, LCM "LEVEL 3" is 
used as a mass storage device for layer-swapping for those 
simulations which will fit within the addressing limits of LCM. At 
the time of this publication, the limit is 360K words, or sufficient 
space for 14,000 to 21,000 nodes depending on program options 
selected. Simulations which exceed this capacity must use rotating 
mass storage (RMS), i.e. discs, as the mass storage device for 
layer-swapping. Refer to the variables USELCM and USERMS in 
Appendix II, input block 2 for details of mass storage selection.

RMS may be used with a variety of file structures and processing 
modes on the Cyber-176. The CDC software package known as "Record 
Manager" (Cyber Record Manager Manual, 1978) handles all FORTRAN I/O. 
Record Manager may be used implicitly, such as when FORTRAN 
sequential READ or WRITE statements are executed, or it may be used 
explicitly by using various subroutine CALL statements which access 
the Cyber Record Manager library.

This program uses Record Manager implicitly through READ, WRITE, 
BUFFER IN, BUFFER OUT, REWIND, ENDFILE and NAMELIST. It uses Record 
Manager explicitly for word-addressable disc processing of transient 
leakage arrays and for layer-swapping when the USERMS=.TRUE. 
parameter is defined in data input block two.

Array storage

The SIP numerical method calculates the hydraulic head at each 
node in the three-dimensional grid as a function of the hydrologic 
parameters pertaining to that node and the adjacent nodes in the 
row (Y), column (X), and layer (Z) directions. Thus, to calculate 
head change at one node requires that the parameters for only seven 
nodes be in the computer memory. It is theoretically possible to 
swap the data for sets of seven nodes into memory in succession as 
one sweeps along rows, columns, and layers such that the minimum 
computer memory is required. The swapping overhead, however, may be 
quite large as I/O channel activity is typically slower and more 
expensive than central memory and CPU activity. The compromise 
between these opposing factors used in this program is that complete 
layers of the grid are swapped between central memory and some 
peripheral device on a demand basis. Thus, as SIP sweeps through the 
three-dimensional grid vertically, only the layer currently active 
and the layers above and below the active layer reside in physical 
memory. The other layers defined for the simulation reside on a 
peripheral device. Within the program, the active (middle) layer 
uses the variable named HXB. The layer above uses the variable named 
HXA, and the layer below uses the variable named HXC.
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The clear advantage of using this technique is that a computer 
need only to be as large as three layers of a model. Thus, 
simulations designed for multi-layered aquifer systems which might 
not have fit into existing computers before may be run. The "HULL" 
code, from which this technique has been adapted, extends the 
swapping algorithm. Within "HULL", the user defines the maximum 
memory which he wishes to use and the program segments of the model 
grid such that it will demand-swap the appropriate number of nodes. 
Only coincidentally will this technique happen to swap precisely one 
layer at a time.

Parameters defined for each node are typically stored in arrays. 
Previous programs utilized three-dimensional arrays referenced by 
three subscripts. Subsequent programs have reduced the 
subscript-calculating overhead by arranging the arrays into 
sequential memory locations and utilizing a one-dimensional subscript 
calculation. This technique reduces the number of multiplications in 
each subscript calculation from three to one and the number of adds 
and subtracts from five to one (CDC Fortran Extended 4 Manual, 
p. 1-17). The "HULL" group has estimated that heavily computational 
three-dimensional code which is subscripted in the conventional 
manner may use up to 40 percent of its CPU cycles in nothing but 
subscript calculations.

This program defines a one-dimensional array for each of the 
three memory resident layers (HXA, HXB, HXC). Each array is 
dimensioned large enough to store all parameters for all nodes in 
each layer and is stored in one FORTRAN labelled COMMON block per 
layer. Further, all parameters for each node are stored in 
sequential memory locations. Each parameter is offset from the first 
location of memory for this node by a constant (LC...) defined at 
run-time. Thus, all nodes contain NVPN words (the number of 
variables per node) stored in contiguous locations.

The variables used to define node and variable offset locations 
are shown in table 1.

Since each layer is treated as a one-dimensional array of size 
NWPL, the concept of "rows" and "columns" exists only to provide a 
rontexf with which the modeler can relate. From a data-processing 
design viewpoint, each layer is treated as one long row (the 
one-dimensional array) which consists of NNPL (the number of nodes 
per layer) consecutive nodes, each with NVPN consecutive words. The 
program can refer to the node within the next "column" by adding the 
constant NVPN to the current location. The node in the next "row" is 
referenced by adding NWPR (the number of words per row) to the 
current location. LFWTN is the location of the first word of this 
node in HXB. LFWTN also refers to the location of the first word of 
the node above (HXA(LFWTN)) and of the node below (HXC(LFWTN)). If 
the complete three-dimensional grid were treated as a single 
one-dimensioned array, as the "HULL" code does, then "layers" would 
become superfluous as a data-processing reality, just as "rows" and 
"columns" are in this program.
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Table 1.—Array pointers and offset variables

Variable 
Name

NVPN

NROW

NNPC

NCOL

NNPR

NNPL

NNAL

NWPR

NWPC

NWPL

NWAL

LFWTN

LCPHI

LCWEL

LCSTR

LCT

LCS

LCTR

Default 
Value

0

0

0

0

0

0

0

0

0

0

0

none

0

1

2

3

4

5

Definition

Number of variables per node;

Number of rows ;

Number of nodes per column. This is identical
to NROW;

Number of columns;

Number of nodes per row. This is identical
to NCOL;

Number of nodes per layer. NNPL = NCOL * NROW;

Number of nodes, all layers.
NNAL = NNPL * NLAYER;

Number of words per row. NWPR = NVPN * NNPR;

Number of words per column. NWPC = NVPN * NNPC;

Number of words per layer. NWPL = NVPN * NNPL;

Number of words, all layers.
NWAL = NVPN * NNAL;

Location of the- first word of this node. Each
variable is offset from LFWTN by one of
the constants, LC... defined below;

Location offset for PHI, hydraulic head;

Location effect for WEL, node purr.pir.g r?t°*

Location offset for STRT, head at beginning of
simulation;

Location offset for T, transmissivity;

Location offset for S, storage coefficient;

Location offset for TR, directional transmissivi
in the row direction;
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Table 1.—Array pointers and offset variables - Continued

Variable 
Name

LCTC

LCTK

LCEL

LCFL

LCGL

LCV

LCXI

LCBOT

Default 
Value

6

7

8

9

10

11

12

13

Definition

Location offset for TC, directional 
transmissivity in the column direction;

Location offset for TK, directional 
transmissivity in the vertical direction;

Location offset for EL, element of upper triangular 
factor U;

Location offset for FL, element of upper triangular 
factor U;

Location offset for Gl , element of upper triangular 
factor U;

Location offset for V, head change within one 
iteration;

Location offset for XI, head change within one 
timestep;

Location offset for EOT, bottom elevation of each
cell LCBOT is used only for 3-D water table 
problems;

LCPERM 14 Location offset for PERM, hydraulic conductivity of
unconfined cells. LCPERM is used only for 3-D 
water table problems;

LCTL 13 or Location offset for TL, element of transient leakage 
15 from confining layers. Default is 13 unless 3-D 

water table is defined, in which case default

LCTLK

LCSL

14 or Location offset for TLK, vertical element of transient 
16 leakage from confining layers. Default is 14

unless water table is defined, in which case
default is 16.

15 or Location offset for SL, exponential element of 
17 transient leakage from confining layers.

Default is 15 unless 3 water table is defined,
in which case default is 17.
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Table 1.—Array pointers and offset variables - Concluded

Variable 
Name

Default 
Value Definition

LCZCB

LCRATE

16 or Location offset for ZCB, thickness of 
18 confining bed for transient leakage 

problems. Default is 16 unless 3-D 
water table is defined, in which case 
default is 18.

17 or Location offset for RATE, vertical conductivity 
19 of confining bed for transient leakage. 

Default is 17 unless 3-D water table is 
defined, in which case default is 19.
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Layer swapping, labelled COMMON blocks, and redundant subroutines

As in the three-dimensional simulation program written by 
Trescott (1975), this program numbers layers from the bottom 
(layer 1) to the top (layer NLAYER). The program sweeps through the 
grid, alternating between the SIP normal ("SIP") and the SIP reverse 
("PIS") subroutines. "SIP" sweeps through the grid from bottom to 
top while "PIS" sweeps from top to bottom, each subroutine being used 
alternately to reduce accumulated errors. As a result, the program 
must swap layers into memory in the order which the correct 
subroutine demands. During a "downward" sweep, layer NLAYER is first 
loaded into HXB, then layer NLAYER-1 is loaded into HXC. HXA is 
vacant. Calculations are performed on HXB. When processing is 
complete on layer NLAYER, "PIS" will begin processing layer NLAYER-1. 
Thus, layer NLAYER must be "moved" to array HXA, layer NLAYER-1 must 
be "moved" to HXB, and layer NLAYER-2 must be loaded from peripheral 
storage into HXC. All calculations are performed on array HXB, the 
"middle" layer. When processing on layer NLAYER-1 is complete, the 
program swaps layer NLAYER (HXA) to peripheral storage, "moves" HXB 
to HXA, "moves" HXC to HXB, and loads layer NLAYER-3 into HXC from 
peripheral storage. This process continues until layer 1, the bottom 
layer, has been operated on by "PIS". If the problem has not 
converged, the process is repeated from bottom to top, using 
subroutine "SIP" for the next iteration, and so forth until 
convergence. Figure 3 is a schematic of the layer-swapping algorithm 
and displays the relationship of the layers. Subroutines BUFIN and 
BUFOUT are called to perform the actual swapping of layers between 
central memory and the peripheral device selected by the user at 
run-time.
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This program avoids much of this layer "moving" by employing the 
programming technique known as redundant subroutines. As used in 
this program, redundant subroutines are subroutines which are 
identical except that HXA, HXB, and HXC appear in different labelled 
COMMON blocks. Recall that each array HXA, HXB, and HXC resides in 
its own labelled COMMON block. Subroutines SIPBl and SIPB2 use HXA 
in labelled COMMON block LCMA, HXB in labelled COMMON block LCMB, and 
HXC in labelled COMMON block LCMC. "SIP" calls these subroutines 
when the "top" layer is in LCMA, the "middle" layer in LCMB, and the 
"bottom" layer in LCMC during the bottom to top sweep. When 
calculations are complete on the bottom layer and are to commence on 
layer 2, subroutines SIPA1 and SIPA2 are called rather than SIPBl and 
SIPB2. These routines are identical to SIPBl and SIPB2 except that 
in SIPA1 and SIPA2 the "top" layer is in LCMC, the "middle" layer is 
in LCMA, and the "bottom" layer is in LCMB. What is now the "middle" 
layer was the "top" layer when the layer below was being operated on, 
what is now the "bottom" layer was the "middle" layer, and what is 
now the "top" layer was swapped in from peripheral storage after the 
previous "bottom" layer (now not needed) was swapped to peripheral 
storage. When this layer has been operated upon, a similar swap will 
occur, and then subroutines SIPC1 and SIPC2 will be "executed. The 
"top" is now in LCMB, the "middle" is now in LCMC, and the "bottom" 
is now in LCMA.

Similar swapping occurs during the downward sweep, with 
subroutine "PIS" calling PISA1 and PISA2, PISBl and PISB2, and PISC1 
and PISC2 in sequence according to whether LCMA, LCMB, or LCMC 
contain the "middle" layer. It would be possible to accomplish what 
the redundant subroutines accomplish simply by passing the "top", 
"middle", and "bottom" arrays as formal parameters in a Fortran CALL 
statement. However, the use of COMMON rather than CALL parameters is 
computationally faster since the linking to the COMMON addresses is 
done once at compile time whereas the linking to CALL formal 
parameter addresses must be done at execution time every time the 
array is referenced. The additional memory used by the redundant 
subroutines is quite small since no additional array space is 
required or allocated.

The CYBER utility program UPDATE (Control Data Corporation, 
1978d) is used to facilitate the programming required for labelled 
COMMON blocks and redundant subroutines. One master copy of the 
source code for each COMMON block and redundant subroutine is 
maintained on UPDATE's program library. If the programmer commands 
UPDATE to include a verbatim copy of a COMMON block, it is made only 
to the master copy of that COMMON block. All occurrences of that 
block throughout the source code will be changed automatically by 
UPDATE. Not only is the programmer overhead reduced, but the 
programmer is assured that a change made to the master copy of one of 
the redundant subroutines or COMMON blocks will correctly be made to 
all other copies.
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Overlay structure

The program consists of three overlays. The "main" overlay is 
always resident in memory. It contains the main program, which calls 
the other overlays in sequence, and a variety of general purpose 
subroutines used by all three overlays. The "main" overlay first 
loads the data-input overlay. This overlay contains program DATAIN. 
The function of this overlay is to interpret the program options 
selected by the user; to initialize data arrays either from input 
records, from a "restart" file, or from both; to define output 
"cubes"; and to calculate the iteration parameters and the 
directional transmissivities. Once the input functions are complete, 
control returns to the "main" overlay. The "main" overlay then 
directs the system to load and execute the computational overlay. 
This overlay contains program COMPUTE and all computational 
subroutines associated with the strongly implicit procedure (SIP). 
When computations are complete, control transfers back to the "main" 
overlay. Subroutine OUTPT is then executed during which listings, 
maps, and/or hydrographs may be produced. At the users option, a 
file may be created from which the simulation may be restarted.

There are many advantages of using an overlay program structure 
for hydrologic modeling programs. Computer memory, and therefore 
memory expenses, are minimized since code which is not essential at 
the moment does not reside in memory. When initialization data is 
being read, the computational algorithm is not required in memory. 
When iterating, initialization code is not required. Shared logic, 
such as routines to swap layers, resides in the "main" overlay 
available to all overlays.

Since the overlay structure is inherently modular, code 
developed for this application may be shared when developing future 
numerical methods. For example, the DATAIN overlay may be used to 
restart, input data, and initialize arrays for any rectangular grid 
model. It is not dependent on the use of the SIP algorithm. As new 
algorithms are developed, new computational overlays may be added to 
this structure. The proper numerical method may be selected as an 
input option* In this rnannev ^omr.ry woulH not he allocated to coHe 
not required by the numerical method selected.

The transfer value of using common logic can be considerable. 
Since DATAIN may be used for many different simulators, there would 
be no need for users of this program to learn new input schemes or 
data processing procedure when selecting alternate numerical methods. 
Program development costs may be reduced since future modules will 
use large portions of the existing code, particularly the troublesome 
data-input and user-output routines. As users become trained in the 
logistics of using this code, future training courses may concentrate 
on the hydrologic aspects of modeling rather than on the details of 
program use.
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Main overlay

The main overlay includes the main program, PROGRAM NMFD3D, and 
subroutines which are called by the primary overlays. The Cyber-176 
FORTRAN compiler FTNA requires that all Record Manager subroutines 
must reside in the main overlay. All labelled COMMON blocks which 
are to be used to pass data from one primary overlay to another must 
be named in the main overlay. All LCM labelled COMMON blocks must be 
specified in the main overlay, regardless of their use within primary 
overlays. Table 2 displays the logical relationship of the main and 
primary overlays.

PROGRAM NMFD3D.—The main program serves seven functions. 1) It 
defines the files which will be used during program execution. 
2) It provides the correct location for defining all labelled COMMON 
blocks as required by the compiler. 3) It initializes the plotting 
package and line printer. 4) It calls the DATAIN overlay which sets 
the program options and initializes data arrays. 5) It calls the 
computational overlay after the data input overlay is finished. 
6) It prints hydrographs, if any are defined, after the 
computational overlay is finished. 7) It closes the Cyber Record 
Manager files, if any were open. If no errors were encountered 
during the execution of the simulation, the program will terminate 
with the dayfile message, "STOP NORMAL". The dayfile is a 
chronological printed list of all Cyber job control commands and user 
messages executed during a given run.

SUBROUTINE FORCIO.—This subroutine is never called. It exists 
solely to force the Cyber loader to load certain Cyber Record Manager 
routines into the main overlay.
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SUBROUTINE BUFBKT and alternate entry point BUFBKI.—Entry point 
BUFBKI is called from PROGRAM DATAIN when RESTRT=.TRUE. That is, 
BUFBKI reads the file named BAKIN when restarting from a previously 
executed simulation. The logic will BUFFER IN a block from BAKIN to 
a SCM array when formal parameter LL=0 and BUFFER IN a block from 
BAKIN to a LCM array when formal parameter LL=1. The distinction is 
critical since the compiler generates address differently for SCM and 
LCM variables. Generally, the first call to BUFBKI loads the SCM 
labelled COMMON blocks from BAKIN. The second call loads the LCM 
labelled COMMON blocks from BAKIN. The third and subsequent calls 
load the LCM arrays which hold the actual simulation data for all 
layers, beginning with the bottom layer (layer 1). If transient 
leakage is being used (TRLEAK=.TRUE.), the final calls load the 
transient leakage arrays into Cyber Record Manager files from BAKIN.

Entry point BUFBKT is called from subroutine OUTPT when 
SELRES=.TRUE. BUFBKT will write on the file named BAKOUT when this 
simulation is complete if the user desires to save a snapshot of the 
simulation for future restarting purposes. BUFBKT will BUFFER OUT 
blocks from SCM to BAKOUT when formal parameter LL=0 and BUFFER OUT 
blocks from LCM to BAKOUT when LL=1. The sequence of calls is 
identical to those described for entry point BUFBKI.

SUBROUTINE BUFEOF.—Subroutine BUFEOF will write an end-of-file mark 
on file number FILENO if the user has selected USEBIO=.TRUE. in data 
input Block 2. Pointers are updated to indicate that an EOF has been 
written. If the user has selected USELCM=.TRUE. or USEKMS=.TRUE. in 
data input Block 2, a call to this subroutine updates the pointers 
without writing an EOF.

SUSROLTIm: EUFIN. — Subroutinc EUriN trnr.sfers NWPL words of data 
a given layer of the model from a mass storage peripheral device to a 
LCM array defined in the calling routine. If the call is for a layer 
above the top or below the bottom of the model, BUFIN returns without 
any data transfer. When USELCM=.TRUE., BUFIN transfers a layer from 
LCM "LEVEL 3" to the calling routine. When USERMS = .TRUE., BUFIN 
transfers a layer from the Cyber Record Manager file named MSFIT. 
When USEBIO=.TRUE., BUFIN transfers a layer from a sequential file 
LFNTBR (the logical file number to be read) after properly 
positioning the file.
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Transfers from LCM "LEVEL 3" are handled in one of two ways by 
BUFIN depending on whether or not the LCM space used by the model 
exceeds 131,072 words. When NWAL is less than 131,072, the program 
maintains a table of pointers which define where each layer is stored 
in LCM. These pointers are calculated dynamically by the program. 
In the other case, the user must take care when compiling the program 
to insure that the *DEFINE GT131K record is passed to Cyber UPDATE, 
as described in Appendix I. This record will insure that the program 
allocates LCM labelled COMMON blocks in such a manner that no single 
block exceeds 131,072 words. Transfers to LCM "LEVEL 3" by BUFIN are 
established at compile time, not at run time.

SUBROUTINE BUFQUT.—Subrout ine BUFOUT transfers NWPL words of data 
for a given layer of the model from an LCM array defined in the 
calling program to a mass storage peripheral device. If the call is 
for a layer above the top or below the bottom of the model, BUFOUT 
returns without any data transfer. When USELCM=.TRUE 6 , BUFOUT 
transfers a layer from LCM "LEVEL 2" to LCM "LEVEL 3". When 
USERMS=.TRUE., BUFOUT transfers a layer from LCM "LEVEL 2" to the 
Cyber Record Manager file named MSFIT. When USEBIO=.TRUE., BUFOUT 
transfers a layer from LCM "LEVEL 2" to a sequential file LFNTBW (the 
logical file number to be written) after properly positioning the 
file.

Transfers to LCM "LEVEL 3" are handled by BUFOUT in a manner 
identical to that described above for subroutine BUFIN. The user 
must insure that the *DEFINE GT131K record is defined for Cyber 
UPDATE when compiling the program when NWAL exceeds 131,072 words.

SUBROUTINE BUFREW.—Subroutine BUFREW rewinds the file with file 
number FILENO when the user has selected USEBIO=.TRUE. in data input 
Block 2. A call to bUFKEW when ribENO is already posiLioiieu at 
beginning of information will cause no operation to be performed. If 
the user has selected USELCM=.TRUE. or USERMS=.TRUE., no operation is 
performed.

35



SUBROUTINES CHECKA, CHECKB, and CHECKC.—Subroutines CHECKA, CHECKB, 
and CHECKC are used to calculate the system mass balance. They are 
called from subroutine OUTPT at the end of each MODPRth timestep, at 
the end of each pumping period, and at the end of the simulation.

The parameters displayed in table 3 are calculated for each 
layer and ultimately summarized within subroutine OUTPT prior to 
printing out. If the pumping period is complete, these routines will 
write all head values out to the file named HDUMP when the switch 
PHIDMP=.TRUE. has been set in data input Block 2. HDUMP is available 
to be read by user-supplied post-processor and manipulated into 
contour maps, hydrographs, or other user-written applications.

These three subroutines are redundant subroutines. They are 
identical in all respects except for COMMON block definitions. 
CHECKA is called when the "middle" layer resides in LCM labelled 
COMMON block LCMA. CHECKB is called when the "middle" layer resides 
in LCMB. CHECKC is called when the "middle" layer resides in LCMC.

SUBROUTINE COMPN and alternate entry point COMPNL.—Subroutine COMPN 
computes the numeric value of a 60-bit word transferred to it. The 
word may contain an integer, a floating-point number, or a value 
expressed in scientific notation. Leading and trailing blanks are 
ignored by calling entry point COMPNL. Leading blanks are ignored, 
and trailing blanks are treated as zeroes by calling entry point 
COMPN.

This routine is particularly useful when reading input data in 
free formats since it assumes nothing about the justification of the 
coded text. In addition, it performs some error-checking and allows 
the program to spot and point to errors in coding. FORTRAN formatted 
READ statements might abort the run due to invalid data in numeric 
fields.

Please note that COMPN utilizes CDC-dependent display code. 
Specifically, the octal internal display codes of numeric characters 
are tested, shifted, and masked in order to calculate the resultant 
value.
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Table 3.—Mass-balance parameters accumulated in Subroutines 

CHECKA, CHECKB, and CHECKC

CFLUX Source from recharge wells
CFLXCH Injection into specified-head cells
CHD1 Discharge to specified-head boundary
CHD2 Source from specified-head boundary
CHFLOW Net flow to/from specified-head boundaries
PUMP Discharge from pumping wells
PUMPCH Pumpage from specified-head cells
QREFLX Net recharge
STOR Net flow from storage during timestep
UPFLOW Vertical flow between layers

If rivers are defined (NR . 0):

FLXR Net loss/gain to/from rivers
FLXRN Discharge to rivers
FLXRP Source from rivers

If transient leakage is defined (TRLEAK=.TRUE.):

CHFLOW Redefined to be net horizontal flow
to/from specified-head boundaries

FLEAK Net vertical flow to/from confining
layers overlying or underlying 
specified-head nodes

FLXN Discharge leakage to confining layers 
FLXP Source leakage from confining layers 
FRMCLAY Net leakage rates to/from adjacent

confining layers

If water table conditions are defined (WTABLE=.TRUE.): 

WSUR Unconfined water surface
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SUBROUTINE HYDROG.—Subroutine HYDROG plots time-head and 
time-drawdown hydrographs. It is called only from the main program 
at the normal conclusion of a run. The locations (row, column, and 
layer) of the cells for which hydrographs are to be produced are 
defined in data input Block 9. The number of hydrographs must not 
exceed the numeric portion of the *DEFINE HYGXX record used when 
compiling the program, where XX is the maximum number and must be 10, 
20, 30, or 40.

HYDROG will produce a time-head plot when HYD is defined in data 
input Block 9. It will produce a time-drawdown plot when DHY is 
defined. The user may define the time axis to be logarithmic (LOG) 
or linear (LIN) and may define the scale of the time axis, the head 
(or drawdown) axis, or both. The user may choose to plot observed 
values as input by the user and head (or drawdown) values computed by 
the model. If this option (0BSHYD) is selected, HYDROG will plot 
both observed and computed values on the same axes. The program will 
adjust the scaling of the axes to assure that the minimum and maximum 
head and time values will fit on the plot.

Instructions for selecting various hydrograph options, and for 
entering the observed value sets, when desired, are available in 
PROGRAM DATAIN instructions.

HYDROG produces plots by calling the METAPLOT (Conley, 1975) 
general purpose plot package available at the AFWL computer center. 
Users contemplating the transfer of this code to other computer 
centers must provide similar plot subroutines in order to use this 
feature. By using METAPLOT, all graphics produced by this program 
are generated independent of plot devices. As such, METAPLOT may be 
used as a post-processor to plot hydrographs on a line printer, 
plotter, or other vector-drawing graphics output device. Please see 
subroutine PRMAP for specifics on the use of METAPLOT.

SUBROUTINE LIMAP.—Subroutine LIMA? cr.lls PRARY and
printed output and alphanumeric contour maps according to the output
cubes defined by the user in data input Block 9. It is called from
subroutine OUTPT in the main overlay, from subroutine REINIT in the
computational overlay, and from program DATAIN in the data input
overlay.
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SUBROUTINE LINE.—Subroutine LINE draws a vector between two 
coordinates. It calls the METAPLOT subroutine PLOT. LINE is called 
only from subroutine HYDROG.

SUBROUTINE LJUST.—Subroutine LJUST left-justifies a 60-bit word. It 
is called from program DATAIN in the data input overlay. LJUST uses 
CDC-dependent shift and mask instructions.

SUBROUTINE LOCLEV.—Subroutine LOCLEV positions a mass storage 
sequential file for reading or writing when USEBIO=.TRUE. is defined 
in data input Block 2. It performs no operation when USELCM=.TRUE. 
or USERMS=.TRUE.

IDENT MEM.—Ident MEM is a routine written in CDC assembly language 
(COMPASS 3 Reference Manual, 1974). It is used to alter the size of 
SCM or LCM attached to a job. This program uses MEM first to 
determine the field length of SCM and LCM in the main program, then 
to adjust LCM to the amount required in program DATAIN, and finally 
to adjust SCM to the size required for the computational overlay. 
When compiling a model the user must follow the instructions in 
Appendix I closely with regard to the EL=... parameter on the job 
card. When running a model, the user must follow the instructions in 
data input Block 1 for the EL=... parameter on the run-time job card 
and the RFL(ECS=...) parameter in the run-time deck. MEM may abort 
programs on some Cyber systems which have CMM, the CDC Common Memory 
Manager software installed.
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SUBROUTINE OUTFT.—Subroutine OUTPT is the primary output-producing 
routine in the program. It determines when to produce output, when 
to calculate mass balance, when to create BAKOUT the restart output 
file, and when to terminate the run due to errors. It is called from 
program COMPUTE and from subroutine NEWPER, both in the computational 
overlay.

Printed output is produced if:

1. The last timestep for a pumping period is complete; or

2. The maximum number of iterations allowed for a timestep is 
exceeded (ITMAX is defined by the user in data input 
Block 4); or

3. The MODPR'th timestep within a pumping period is complete 
(MODPR is defined by the user in data input Block 4); or

4. A well node has gone dry; or

5. The simulation is complete.

Mass balance calculations produced in the redundant subroutines 
CHECKA, CHECKB, and CHECKC are made each time printed output is to be 
produced. OUTPT then calls SAVHYD to save hydrograph time/head (or 
drawdown) pairs. It then calls LIMAP which produces the list and/or 
map output for the output cubes defined by the user in data input 
Block 9. After all layers have been analysed for mass balance 
contributions, OUTPT summarizes mass balance calculations and prints 
out the summary. It then prints out a table of head changes for each 
iteration of the current timestep and a table of the number of 
iterations for all timesteps during the current pumping period.

Before returning to the calling routine, OUTPT checks to see 
whether the simulation is complete. If complete, OUTPT checks 
SELRES, the select restart options which the user may have set in 
data input Block 2. When SELRES=.TRUE., OUTPT either requests a 
permanent file or a magnetic tape from the operating system depending 
on thp ^ntents of data ir.put Bloc!: 3. Once requested, GUTFT 
proceeds to call BUFBKT to transfer a snapshot of SCM and LCM to the 
restart output file named BAKOUT. When TRLEAK=.TRUE., OUTPT then 
dumps the contents of the transient leakage Cyber Record Manager file 
named TRFIT to BAKOUT. Finally, if the simulation has terminated on 
an error condition, OUTPT prints appropriate messages in the dayfile 
and terminates, If the simulation has terminated normally, OUTPT 
returns to the calling routine which returns to the main program.
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SUBROUTINE PRDATE.—Subroutine PRDATE prints the run date on the 
printer output file. It is called from OUTPT, PRARY and PRMAP in the 
main overlay, and from subroutine ITPARM in the data input overlay. 
The date which it prints is defined in program DATAIN from the system 
subroutine DATE.

SUBROUTINE PRENT.—Subroutine PRENT prints the name of each 
subroutine called during execution of the program. It is called from 
various routines only when TRACE=.TRUE. is set in data input Block 2. 
This option is normally only selected when debugging the program 
logic. The use of this option by users will produce an enormous 
amount of debug print.

SUBROUTINE PRARY.—Subroutine PRARY prints formated lists of array 
values according to the output cubes defined by the user in data 
input Block 9. It is called from subroutines LIMAP and OUTPT in the 
main overlay and by subroutine NEWPER in the computational overlay.

PRARY is capable of producing listings of any or all of the NVPN 
three-dimensional variables, drawdown, river data, well pumping data, 
recharge data, or unconfined water surface data for any cube defined 
by the user. Listings for the permeability and bottom elevation of 
two-dimensional water table cells may also be produced if the program 
was compiled with the *DEFINE 2DBTPRM option selected. Routines 
which call subroutine PRARY pass to PRARY the layer number, the 
address of the LCM array containing data for this layer, an option 
code which selects the type of listing, and a cube number.

SUBROUTINE PRMAP.—Subroutine PRMAP plots alphanumeric contour maps 
of various arrays according to the output cubes defined by the user 
in data input Block 9. It is called only from subroutine LIMAP in 
the main overlay.

PRMAP uses subroutines (table A) which are in the "Metaplot" 
subroutine library at the AFWL computer center (Conley, 1976). Those 
users familiar with other standard plot packages will notice a strong 
similarity, both in function and in syntax, between the Metaplot 
calls and the calls of the other packages. Users who intend to 
install this code on computer systems other than the AFWL system (or 
other systems where Metaplot is available) should be certain to link 
to the appropriate plot libraries for these routines.
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Table 4.—Metaplot subroutines called by this program

1. PLOTS

2. SCREEN

3. VWPORT

4. WINDOW

5. NUMBER

6. SYMBOL

7. PLOT

Initialize Metaplot logic and logical file;

Define the physical plot size, in inches. • For the 
purposes of this program, we assume that the user 
is "plotting" on the terminal line printer. Thus, 
the plot size is 12 inches in the X axis 
(horizontal) and 10 inches in the Y axis (vertical) 
per segment.

The viewport defines that portion of the screen which 
is to be used for plotting, in inches. The X and Y 
limits defined by this subroutine must be a subset 
of the SCREEN limits. XMIN and XMAX or YMIN and 
YMAX may be reversed to produce mirror images.

The window is the exact size of the viewport and is 
defined in "data" units. The subsequent vector and 
text plotting calls will be mapped into the window, 
which in turn is mapped into the viewport and screen 
ky Metaplot. Attempts to plot outside the window 
result in error messages being displayed by Metaplot 
at execution time. These error messages may be 
generated during map segmentation and should be 
ignored.

Plot a numeric value at some X,Y coordinate.

Plot an alphanumeric string at some X,Y coordinate.

Terminate this plot when the third formal parameter 
equals -3. When the third argument is 2, the "pen" 
moves to (X,Y) with the "pen" up. When the third 
argument is 3, the "pen" moves to (X,Y) with the 
'pen1
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PRMAP performs a number of functions. It first determines which 
type of map is desired. The user may select a map of any of the NVPN 
variables, a map of drawdown, or a map of the unconfined water 
surface (if WTABLE=.TRUE.). It then inspects the size of the grid by 
summing the DELX and DELY variables and scales the grid according to 
the default or user-defined scale factors. If the scaled map 'is less 
than 10 by 12 inches in size, plotting begins. If the scaled map is 
larger, PRMAP will automatically segment the plot so that the map 
scale will be preserved. NXSEG segments will be plotted edge to edge 
in the X direction. NYSEG segments will be plotted edge to edge in 
the Y direction. Each segment will be labeled by output "cube" 
number, by variable being .plotted, by pumping period and timestep 
number, by row and column number, and by the areal distances within 
the extent of the X and Y axes.

This routine will attempt to plot an alphanumeric symbol 
corresponding to the magnitude of the variable being plotted at the 
center of each cell. If a cell spans two or more segments, PRMAP 
will plot the alphanumeric symbol at the cell boundary opposite to 
the segment boundary. If a cell contains active pumping wells, a "W" 
plots next to the alphanumeric symbol. The alphanumeric symbol (0-9 
and A-J) plotted depends on the contour interval defined by the user 
in data input Block 9 (the default CONINT =10. feet) and the number 
of plot characters selected which is defined by the user in data 
input Block 4 (the default NPCH = 10, and the maximum NPCH = 20). 
The NPCH plot symbols are used in sequence in a circular manner. For 
example, if the contour interval is 100. feet, the base elevation is 
0. feet, and ten plot symbols (0-9) are being used, then the plot 
symbol "1" will be used for the elevations from 100. - 199.9 feet, 
1100. - 1199.9 feet, and so forth. The symbol "2" will be used from 
200. - 299.9, 1200. - 1299.9, and so forth. PRMAP prints out a table 
of the actual values assigned to each symbol at the bottom of each 
segment and on the output file.

Metaplot creates a plot file which is independent of the plotter 
device the user plans to plot upon. This file is named META by this 
program. The META file may be processed after the completion of the 
simulation run to produce plotter output on a plot device. The 
program DIRECT from the librarv named METALIB is loaded as described 
in Appendix I to "direct" the META plot file to a plot device. Those 
users who have vector plotters attached to their terminals may use 
DIRECT to "direct" the META plot file to those plotters. DIRECT 
reads the META plot file and translates it into the plot command 
structure required for specific devices. In the case of printer 
plots, DIRECT will plot 132-character lines at a density of eight 
lines per inch. For Calcomp, Gould, and Tektronix plotters, DIRECT 
will produce vector plot commands appropriate to those devices.
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To "direct" the META file to devices, the user must first attach 
the Metaplot library and inform the system that it is a library.

Place the card: 

LIBRARY(METALIB)

immediately before the RFL(ECS=...) card in the deck. Then, after 
the card:

FD3D.

insert the card:

DIRECT(META,...)

Table 5 displays the DIRECT commands required for each plot device. 
When selecting the PRINTER, the plots will print at a computer 
terminal. When selecting other plot devices for plotting at a 
terminal, the file PLOTFIL must be transmitted from CDC to the 
terminal. The details of such transmission will depend on the 
characteristics of the terminal.

More than one DIRECT command may be executed if plot output is 
desired on more than one device.

IDENT REMARK$. —-Ident REMARK$ written in CDC assembly language 
displays alphanumeric message on the job dayfile.

SUBROUTINE RIVERQ.—Subroutine RIVERQ distributes river flow along 
each river reach defined by *~^° HQP»-. Tt- is railed from subroutine 
NEWPER in the computational overlay only whan the number of rivers 
(NR) is greater than zero. The program must have been compiled with 
the option *DEFINE RIVERS defined for this subroutine to be included 
in the code.
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Table 5.—DIRECT commands for METAPLOT

Device Control card

Line Printer

CalComp 565

III FR80 microfilm

Gould electrostatic

CalComp 702 flat bed

Tektronix

DIRECT (META,,PRINTER) 

DIRECT (META, PLOTFIL, CF) 

DIRECT (META, PLOTFIL, Ml) 

DIRECT (META, PLOTFIL, G4) 

DIRECT (META, PLOTFIL, F7) 

DIRECT (META,,TEKTRNX)
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RIVERQ first sets the river recharge rate array (QRA) to zero 
for each cell, then sets the total river flow array (TQ) to zero for 
each river. For each river reach (NR), RIVERQ routes a fixed flow 
(QS) downstream from the first cell of the reach. The river gains 
water from the aquifer system or loses water to it as a function of 
the head difference between the river bottom and the unconfined water 
surface, the vertical conductivity of the river cell, and the area of 
the river cell. The program limits the connection between the river 
and the ground-water system with the variable QMAX which is defined 
in data input Block 4. If the river reach has flow remaining, it is 
routed to the next river cell downstream. The last river cell of the 
river reach may contribute to the first river cell of another 
downstream river reach. The user defines the downstream order of 
river reaches in data input Block 4 using the variable NRC.

Appendix IV is an example simulation of a two-aquifer problem 
that uses RIVERQ.

SUBROUTINE RMOPEN.—Subroutine RMOPEN opens a Cyber Record Manager 
word-addressable file. It is called from program DATAIN in the data 
entry overlay. RMOPEN must be called once and only once for each 
word-addressable file before the file may be read or written. RMOPEN 
will be called for the file named MSFIT if USERMS=.TRUE. It will be 
called for the file named TRFIT if TRLEAK=.TRUE.

SUBROUTINE RMCLOS.—Subroutine RMCLOS closes a Cyber Record Manager 
word-addressable file. It is called from program NMFD3D in the main 
overlay. RMCLOS will be called for the file named MSFIT if 
USERMS=.TRUE. It will be called for the file named TRFIT if 
TRLEAK=.TRUE.

SUBROUTINE RMGET.—Subroutine RMGET reads data from a Cyber Record 
Manager word-addressable file. It is called from subroutines BUFIN 
and OUTPT in the main overlay and from subroutine CLAY in the 
computational overlay.
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SUBROUTINE RMPUT.—Subroutine RMPUT writes data to a Cyber Record 
Manager word-addressable file. It is called from subroutine BUFOUT 
in the main overlay, from subroutine CLAY in the computational 
overlay, and from program DATAIN in the data entry overlay.

IDENT RQUEST.—IDENT RQUEST written in CDC assembly language requests 
a magnetic tape or permanent file from the computer system. It is 
called from program DATAIN in the data entry overlay and from 
subroutine OUTPT in the main overlay.

SUBROUTINE SAVHYD.—Subroutine SAVHYD stores hydrograph time-value 
pairs at the end of a timestep. It is called from subroutine REINIT 
in the computational overlay at the end of each timestep within a 
pumping period, and from subroutine OUTPT in the main overlay at the 
end of each pumping period and at the end of the simulation. Head 
values are saved for each hydrograph cell when HYD is defined in data 
input Block 9. Drawdown values (STRT - PHI) are saved when DHY is 
defined.

SUBROUTINE SKIPJOB.—Subroutine SKIPJOB terminates a run with the 
messages:

ABORT RUN - SKIPJOB 

STOP "SKIPJOB"

printed in the job dayfile. It is called from subroutines BUFIN, 
BUFOUT, and RQUEST in the main overlay when unrecoverable hardware 
errors are encountered.



SUBROUTINE TCOFRC.—Subroutine TCOFRC calculates the "T" coefficients 
in the row and column directions. It is called from subroutine 
WTTRAN in the main overlay for water table simulations 
(WTABLE=.TRUE.) and from ALTRAN in the data entry overlay for all 
simulations.

The horizontal directional transmissivities, TR and TC, are 
calculated when the simulation begins. They are functions of the 
transmissivity, T, at a cell and the T in the adjacent cell in the 
row (TR) or column (TC) direction, the size of this and the adjacent 
cells (DELX or DELY), and the directional transmissivity multipliers 
supplied by the user in data input Block 4 as the arrays FACTX and 
FACTY. If the user enters non-zero values for TR and/or TC in data 
input Block 7, the program will store the user-defined values rather 
than calculating the values in TCOFRC for those cells with non-zero 
values.

When running water-table simulations (WTABLE=.TRUE.), TCOFRC 
will be called after each iteration to re-calculate TR and TC in the 
cells which comprise the unconfined water surface. TR and TC in the 
confined cells are unchanged.

SUBROUTINE TCOFZ.—Subroutine TCOFZ calculates the "T" coefficient in 
the vertical direction. TCOFZ is called from subroutine ALTRAN in 
the data entry overlay for all simulations.

The vertical directional transmissivity, TK, is calculated only 
when the simulation is not being run with transient leakage from 
confining layers, i.e., when TRLEAK=.FALSE. When TRLEAK=.TRUE., 
FACTZ, the vertical directional multiplier, is zero. TK is 
calculated as a function of the transmissivity, T, of a cell and T of 
the cell above, the thicknesses of both cells, DELZ, and the vertical 
directional multiplier, FACTZ, defined by the user in data input 
Block 4. TCOFZ will not calculate TK for any cells in which the user 
has explicitly defined non-z^r^ va"l"p"= for TK in data input Block 7.
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SUBROUTINE TRANS.—Subroutine TRANS calculates transmissivity, T, for 
cells in the unconfined water surface when WTABLE = .TRUE. It is 
called from subroutine WTTRAN in the computational overlay and from 
ALTRAN in the data entry overlay.

The logic in TRANS depends on whether the user has selected 
two-dimensional water table (*DEFINE 2DBTPRM) or three-dimensional 
water table (the default if *DEFINE 2DBTPRM is not defined) in the 
compile deck structures (see Appendix I). When the two-dimensional 
logic is used, TRANS only executes when the simulation is in the top 
layer. If it is, T is calculated as a function of the saturated 
thickness and the cell permeability. TRANS then checks for the cell 
having become dewatered, in which case it prints a message, "NODE 
GOES DRY", on the printer output file. If the cell goes dry and the 
cell contains one or more active wells, the simulation will abort. 
Once a cell goes dry, it cannot resaturate.

In the case of the three-dimensional water table, any layer may 
contain water-table cells. This will occur when the cells above a 
confined cell go dry, thereby making a previously confined cell an 
unconfined (i.e., water table) cell. TRANS first checks to see if 
the cell above this cell is active. If it is, this cell cannot be a 
water-table cell. If it is not (T = 0.) and this cell is active, 
then TRANS will calculate T for this cell as a function of the 
saturated thicknes and the cell permeability. A cell may go from 
confined to unconfined when the cell above is dewatered. Once 
dewatered, the program sets T = 0., thereby removing the cell from 
the simulation. A dewatered cell cannot resaturate.

SUBROUTINE BLOCK DATA.—When the program is loaded into memory and 
before program execution commences, BLOCK DATA initializes variables 
which reside in SCM and LCM "LEVEL 2" labelled COMMON blocks. BLOCK 
DATA is never actually called by the program. Rather, when the 
program is compiled, the compiler builds tables of variable names and 
the values with which they are to be preset at load time. Then, when 
the program is loaded for execution, the Cyber LOADER initializes the 
variables defined in BLOCK DATA. Those variables not explicitly 
initialized in BLOCK DATA or in DATA statements within individual 
subprograms are initialized to zero by the Cyber LOADER.
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Data entry overlay

The data entry overlay is comprised of the main program, PROGRAM 
DATAIN, and four subroutines. Its function is to initialize the 
simulation arrays and parameters and set program options such that 
the simulation may easily be run. DATAIN is called only from the 
main program of the main overlay. After DATAIN has completed, the 
main overlay executes the "SIP" computational overlay.

PROGRAM DATAIN.—Program DATAIN begins with the definition of all the 
SCM and LCM labelled COMMON blocks which will be used by the program. 
The Cyber loader will have initialized all variable locations to zero 
except for those variables explicitly initialized by the BLOCK DATA 
subprogram of the main overlay.

DATAIN defines certain variables which are used only in this 
overlay. A considerable portion of memory is conserved by 
equivalencing many variables used only in DATAIN with the LCM 
"LEVEL 2" labelled COMMON blocks LCMA, LCMB, and LCMC. The memory 
used by these blocks is thereby used temporarily by program DATAIN. 
When these blocks are needed for the actual model layers, DATAIN will 
have finished with them.

Note that the logical variable, ERROR, is used throughout DATAIN 
to detect input error conditions which would preclude initializing or 
running the simulation. Every attempt is made to read and process 
all data input before terminating the run so that as many input 
errors as possible may be detected on each run.

Comment statements describing data input blocks.—The program listing 
for DATAIN starts with approximately 800 continuous lines of 
comments. The 13 data input blocks described in detail in PROGRAM 
INPUT REQUIREMENTS are outlined in these comments to assist 
programmers when reading the code.
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NAMELIST processing.—Blocks 2, 4, 11, 12, and 13 use the FORTRAN 
NAMELIST logic and syntax. Using NAMELIST, the user assigns unique 
values directly to FORTRAN variables at execution time. Examples of 
correct NAMELIST syntax are given in figure 4.

The first record of a NAMELIST input block must contain a'"$" in 
column 2 followed by the name of the NAMELIST block. Column 1 must 
always be blank when using NAMELIST input. Variables are defined 
with the VARIABLE = VALUE general form. There is no limit on the 
number of non-blank data input records which may follow the first 
record. The last record of a NAMELIST input block contains the text 
"$END" anywhere between column 2 through 80.

The user may define one or more "VARIABLE = VALUE," pair per 
input record. Embedded blanks are not allowed. In figure 4, lines 
1 through 6 are equivalent to line 8. Logical values, .TRUE., or 
.FALSE, must be defined for logical variable. Integer or real values 
may be assigned to real variables (fig. 4, lines 11-13). Integer or 
real values may be assigned to integer values (fig. 4, lines 14-15). 
However, digits to the right of the decimal place will be truncated 
when the user assigns real values to integer variables.

Values may be assigned to array elements by using explicit array 
subscripts (fig. 4, line 19) or by using implicit array subscripts 
(fig. 4, line 21). A shorthand notation (*) may be used for the 
assignment of the same value to sequential array elements (fig. 4, 
line 23). A null NAMELIST input record assigns no values (fig. 4, 
line 26).

Only those variables named within a particular NAMELIST block in 
the FORTRAN program can be assigned values at input when the program 
is executed. Table 6 lists the variables named in each NAMELIST 
block in this program. The user does not need to assign values to 
all variables named in a NAMELIST block. Rather, the user should 
assign values only to those variables which need a value different 
from the program default value.

NAMELIST output, written by the program, consists of the block 
name followed by one or more lines p^r variable. Array values are 
printed one value per array element. The last record is "$END".
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Table 6.—Variables named in NAMELIST blocks

$CONTROL

RtSTRT

RSRTPP

RSRTTS

RSRTIT

SELRES

RECMPL

USELCM

USEBI0

USERMS

PHISET

PHIDMP

WELZR0

DMPINT

0NLYIN

TRACE

MF7000

MF6000

DMPIT

DMPTS

DMPPP

OMPVAR

ZRMBAL

DMPRIV!/

SINLIST

NVPH

NR0W

NC0L

NLAYER

NNPL

NNAL

NWPL

NWAL

LCPHI

LCWEL

LCSTR

LCT

LCS

LCTR

LCTC

LCTK

LCEL

LCFL

LCGL

LCV

LCXI

LCB0T2./

LCPERM!/
LCTL

LCTLK

LCSL

LCZCB

LCRATE

MBALPR

DAMP

M0DE

M0DPR

WTABLE

TRLEAK

RCHRG

EQN3

EQN4

NPER

CLSURE

NRH0P

WMAX

RH0P

ITMAX

NPCH

QFAC

DELX

DELY

DELZ

FACTX

FACTY

FACTZ

SS

SY

KCUBES

NRi/

NRCl/

NADD!/
QMAxi/

RIVER!/
VKl/

RQl/

INDXi/

$NLPTR SRIVLIST!/ SNEV^PP $KEWF.LL $NEWRIV!/

NVPN 10 NR!/ KP q RQ!/
NNPR JO NRCi/ NWEL R0W NRl/

NNPC KO NADDlL/ TMAX C0L

NNPL 11 RQ!/ NUMT LAYER

MWPR Jl INDx!/ CDLT QTYPE

NWPC Kl RIVER!/ DELT

KWPL 12 VK!/

NWAL J2 QMAXi/

NNAL K2

LCPHT KP

LCWEL KT

LCXI IT

LCSTR RTRW

LCEL NWEL

LCFL MR!/

LCGL

LCV

LCT

LCS

LCB0T1/

LCPERM

.LCTR

LCTC

LCTK

LCTL

LCTLK

LCSL

LCZCB

LCRATE

!' Included in the code only if compiled with RIVERS defined (see Appendix I) 

i/ Excluded from the code if compiled with 2DBTPRM defined (see Appendix I)
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Logical switches and restarting. — The execution of DATAIN begins by 
defining LCM as the default mass storage device. USELCM=.TRUE. is 
selected in preference to USERMS or USEBIO. Next, the program reads 
the NAMELIST $CONTROL block. If the user has selected either the 
RESTRT=.TRUE. or the SELRES=.TRUE. restart options, DATAIN reads the 
single disk/ tape I/O record defined as data input Block 3." When 
RESTRT=.TRUE. , the program either requests the computer console 
operator to mount a magnetic tape from which this simulation will 
restart, or it attaches an on-line disk file.

When restarting, whether from disk permanent file or from tape, 
the program will load all SCM and LCM labelled COMMON blocks from the 
restart file BAKIN. Since the switches just loaded in from $CONTROL 
and from the I/O record reside in SCM labelled COMMON, they would be 
overwritten in the process of restarting. Therefore, DATAIN first 
stores these variables into memory locations which will not be 
overwritten during restart. It then copies in the labelled COMMON 
blocks from BAKIN. Then it restores the user-defined switches from 
the temporary locations to their permanent locations in labelled 
COMMON. Both $CONTROL variables and the information on the disk/ tape 
I/O record must be defined (or redefined) with each simulation.

The restart process copies all SCM labelled COMMON blocks from 
BAKIN to SCM with one call to subroutine BUFBKI, which is in the main 
overlay. Then all LCM labelled COMMON blocks are transferred with 
one call to BUFBKI. BUFBKI assumes that the SCM and LCM of this 
program are structured identically to the SCM and LCM of the program 
which created the restart file. Therefore, if the program has been 
recompiled between the run which created the restart file and the run 
which restarts from the file, RECMPL=.TRUE. must be defined in 
$CONTROL. This switch tells DATAIN to skip over the SCM and LCM 
labelled COMMON blocks when reading BAKIN since the recompilation 
process is likely to have restructured all of COMMON. All layer data 
will still be correct (assuming that the restart is for a model with 
the same number of rows, columns, layers, and NVPN). However, all 
two-dimensional arrays (such as QRE), all variables which are defined 
in $INLIST, and all output cubes must be redefined.

user has the option of resetting all mass balance variables 
to zero (ZRMBAL= .TRUE.). The program also initializes arrays for 
river data. Both of these processes use the Cyber LOCF function. 
LOCF returns the memory address of a variable. By subtracting the 
addresses of two variables, one may determine the number of words of 
memory which separate the two locations. Through the judicious use 
of EQUIVALENCE statements, the program initializes large extents of 
memory with few FORTRAN commands.



Location offset variables LC.—The program stores NVPN variables at 
each node. Each of the NVPN variables is stored in contiguous memory 
locations. The offset of each variable from the first word address 
of each node is defined by an integer variable LC..., where ... is 
the term used by Trescott (1975) or defined by Tracy (1980) in the 
case of transient leakage terms. For example, what Trescott named 
PHI ( I, J, K ) (the hydraulic head at one node) is referred to as 
HX ( LFWTN + LCPHI ) in this program, where HX is a one-dimensional 
array containing all variables for all cells in one layer, LFWTN is 
the location of the first word of this node, and LCPHI is the 
location of PHI within the NVPN variables of this node.

The user may choose to define the LC... offset constants in 
$INLIST. Or, the user may allow the program to define LC... as a 
function of NVPN (table 13, p. 107). The program calculates various 
combinations of the number of rows, columns, layers, and NVPN to 
produce "constants" which are used throughout the program and to 
verify that the user has defined all necessary size parameters.

Scalor and file initialization.—When TRLEAK=.TRUE., DATAIN calls 
subroutine RMOPEN to initialize the Cyber Record Manager 
word-addressable file named TRFIT. Refer to the Explicit Record 
Manager I/O section for a discussion of the file structure.

Next, DATAIN calculates the number of constant head nodes for 
which flow data may be stored, NCHAVA. The Cyber LOCF function is 
used. This variable is critical to insure that subsequent operations 
in the redundant subroutines CHECKA, CHECKB, and CHECKC do not 
overwrite memory locations for other variables;

Depending on the selection of USELCM, USERMS or USEBIO, DATAIN 
must calculate various pointers which define the addresses on 
peripheral devices where layers will be stored when they are swapped 
from LCM. The array LCMPTR is used for this purpose. In addition, 
the prcgroni calculates the ex°ct ci^ of LCM (NWDLCM) which will be 
required by the simulation. The program will release any excess LCM 
using the Cyber MEM function. This will minimize the memory charges 
and improve the program turnaround time.

Having established array sizes and mass-storage pointers, DATAIN 
is prepared to load model data. If RESTRT=.TRUE., the program reads 
data arrays for all model layers from the BAKIN file and transfers 
them to the correct peripheral-storage device. Then, for those 
simulations where TRLEAK= .TRUE., the transient leakage mass storage 
files are copied from BAKIN to the Cyber Record Manager file TRFIT. 
Then, BAKIN is detached from this job and returned to the system.

55



If no errors have been encountered, DATAIN proceeds to 
cross-verify the various program options and to assign alphanumeric 
constants to each of the LC... variables. It prints out $INLIST, 
informing the user of the status of all variables in the NAMELIST 
block. If rivers are used (NR.NE.O), a printout of initial river 
data is produced.

Definition of headers, symbols, and cubes.—The program reads program 
input data blocks 5 - 9, each of which is optional. Each block 
begins with a record which identifies the block. Valid block names 
are "HEADER" or "HEADERS" (Block 5), "SYMBOL" or "SYMBOLS" (Block 6), 
"3D INPUT" (Block 7), "2D INPUT" (Block 8), and "OUTPUT CUBES" 
(Block 9). Each block, if used, terminates with the command "END" in 
columns 1 - 3. The command "ENDOFCUBES" terminates this group of 
blocks and must be entered even if none of the blocks are defined.

The blocks may be entered in any order. However, block 6 must 
be defined prior to blocks 7, 8, or 9 if blocks 7, 8, or 9 are used. 
Note that symbols are not saved during a simulation backup and 
restart. In block 6, the user defines an alphanumeric string, up to 
three characters in length, and assigns a numeric value to that 
string. In subsequent operations in blocks 7, 8, and 9, the modeler 
uses these symbols to assign the corresponding values to variable or 
model arrays. The program builds tables of these symbols (SYMB) and 
values (VALSYM) in LCM. It calculates the maximum number of symbols 
which may be assign during one run (LIMSYM) and prints a message 
informing the user of that limit. Subroutine COMPNL is called to 
evaluate the numeric expressions defined for each symbol. The 
numeric expressions may be integer, may contain embedded decimal 
points, or may be in scientific notation. Embedded commas will be 
ignored as are both leading and trailing blanks.
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Blocks 7, 8, and 9 are entered as input "cubes". The "cube" 
concept is that all information contained on the record applies to 
all nodes which are within the inclusive limits of the "cube". The 
user defines some range of rows, columns, and/or layers for each 
"cube". The remainder of the initialization data on the record will 
be written to all nodes in the "cube". Further, the effect of each 
"cube" command in succession over-rides the effects of any and/or all 
previously defined "cube" commands. For example, if the first "cube" 
command set PHI to zero and T to .000001 for rows 1-20, columns 1-20, 
and layers 1-5, and a second "cube" sets PHI to 1000. for row 7-8, 
columns 5-10, and layers 3-4, then the values defined by the second 
"cube" pertain to all nodes within its extent, and the values defined 
by the first "cube" pertain to all other nodes. Since the second 
"cube" did not redefine T for its nodes, the T defined by the first 
"cube" apply to all nodes.

For each "cube", DATAIN stores the row limits in IBEG and IEND, 
the column limits in JBEG and JEND, and the layer limits in KBEG and 
KEND. The symbol fields on each "cube" record after the row, column, 
and layer limits are stored in FLDI. DATAIN reads each "cube" input 
record, checks each FLDI for a valid entry in the SYMB table, and if 
a match is found, stores the corresponding numeric value in VALI. If 
a match is not found, DATAIN checks the symbol for being a key word 
(table 14), i.e., one which means something specific and pre-defined 
to the program.

Key words must not be defined in block 6. All other symbols 
used must be defined in block 6. After error checking all "cube" 
input records, DATAIN prints a table of the input records and a table 
of the corresponding data values.

For output "cubes", DATAIN builds a series of tables which will 
be used by subroutines LIMAP, PRARY, .and PRMAP to produce "cube" 
output. NCUBES is the number of output "cubes". The use of each 
output cube is defined in CUBDEF (table 7).

Each of the NCUBES output cubes will generate printed and/or map 
output. Printed output is generated when LORM has the value 0 or 1. 
Mpn out-put is generated when LORM has the value 1 or 2. When 
CUBDEF="ALL DATA", LORM is set to zero. When LORM has a non-zero 
value, and therefore, maps are to be produced, map scale variables 
may be defined by the user (table 8).

DATAIN writes the row, column, and layer output "cube" limits 
into LCM "LEVEL 2" arrays (table 9) for subsequent use of the 
program. If the user selects no output "cubes", DATAIN defaults to 
one "cube" which includes all cells of all layers and which will 
produce a printed listing.
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Table 7.—Output-cube variable, CUBDEF

CUBDEF Meaning 

"ALL DATA" Output cube of all NVPN variable

-4 Cell bottom elevation cube for 2-D water-table
problems

~3 Permeability output cube for 2-D water-table
problems

-2 Output cube of unconfined water surface

-1 Output cube of drawdown

0 Output cube of variable with LC... =0

1 Output cube of variable with LC... =1

NVPN-1 

99

Output cube of variable with LC... =NVPN-1 

No output cube
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Table 8.—Map scale variables

Variable 

XFPI

YFPI

CONINT

BASEV

Meaning

The map scale in the "X" direction (east-west 
along a row). XFPI is in feet of simulation- 
grid per map-inch. The user may have the 
program produce alphanumeric contour maps 
which can be overlaid on a base map by defining 
XFPI. A symbol for XFPI is entered in field 10. 
If the user defines no value for either XFPI

• or YFPI, logic in subroutine PRMAP will
calculate the scale such that the complete map 
fits into one map segment. If the user defines 
either XFPI or YFPI, but not both, the scale 
value which is defined is used for both.

The map scale in the "Y" direction (north-south 
along a column). YFPI is in feet of 
simulation-grid per map-inch. The symbol for 
YFPI is entered in field 11 and is used with 
XFPI to define the alphanumeric contour map 
scale. Note that the Y scaling will be 
correct if maps are plotted on a vector plotter 
or printed at eight lines per inch. If maps 
are printed at six lines per inch, YFPI is in 
feet of simulation grid per 1-33 map inches.

The contour level, in feet, determines the
frequency with which the alphanumeric characters 
are cycled to represent ranges of data values 
which are being plotted. The default value 
of CONINT is 10 feet. Selection of a contour 
interval which is too small relative to the 
range of data values may result in a confusing 
map since the same alphanumeric character will 
represent many discrete intervals. On the other 
hand, selection of a contour interval which is 
too large relative to the range of data values 
may obscure changes in data values which are 
significant hydrologically, but small numerically.

The base elevation is added to each value which is 
to be mapped before the symbol for the values 
contour interval is selected. BASEV has a 
default value of zero.

59



Table 9.—Variables defining extents of output cubes

ARRAY 

ICUBEG 

ICUEND 

JCUBEG 

JCUEND 

KCUBEG 

KCUEND

Meaning

Cube beginning row; 

Cube ending row, taken from IEND; 

Cube beginning column, taken from JBEG; 

Cube ending column, taken from JEND; 

Cube beginning layer, taken from KBEG; 

Cube ending layer, taken from KEND.
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Next, DATAIN builds tables for producing hydrographs, if 
selected. NHGRAF is used to count the number of hydrographs defined 
by the user. The program uses the Cyber LOCF function to calculate 
the number of hydrographs which have been allowed for when compiling 
the program. As described in Appendix I, the user may request memory 
for 10, 20, 30, or 40 hydrographs when compiling the program. Each 
hydrograph will have time-head or time-drawdown pairs saved at the 
end of each timestep, up to a maximum of 100 timesteps. If the user 
attempts to define more hydrographs in this run than the compiled 
program can store, a diagnostic will print out, and the run will 
terminate without beginning the simulation. Table 10 describes the 
variables used for each calculated hydrograph.

The user may choose to plot observed hydrograph data in order to 
compare the simulation results to observed results. To do this, the 
program must have been compiled with *DEFINE OBSHYD defined for Cyber 
Update. Observed hydrograph data is identified to the program by 
using the OBS command in data input Block 9. Note that observed 
hydrographs may be defined only for those cells which have already 
been defined as either HYD or DRY cells, i.e., as cells for which 
calculated hydrographs will be produced. An attempt to produce an 
observed hydrograph at any other cell will be ignored by the program.

DATAIN will first match the row, column, and layer location of 
the observed hydrograph with existing calculated hydrograph 
locations. The variable THISOB is set to zero if no match is found, 
and to the counter for the matched hydrograph (from one to NHGRAF) if 
a match is found. If found, the program then reads 80-column records 
from the Cyber file named OBSFIL, provided by the user. The 
structure of OBSFIL is discussed under Implicit Record Manager I/O 
below. The format of OBSFIL is stored in the array OBSFRM. Times 
are stored in the array THYDOB, and heads (or drawdowns) are stored 
in the array HYDOB. The elapsed times are treated differently for 
observed hydrographs than for the calculated hydrographs. Times and 
heads for calculated hydrographs are stored at the end of each 
simulation timestep. Observation times for observed hydrographs will 
not necessarily coincide with simulation timesteps, and therefore 
must be entered and stored for each observation value. A maximum of 
100 value-pairs will be stored for each observed hydrograph. If more 
than 100 pairs are presented in OBSFIL for any one hydrograph, the 
first 99 together with the very last pair will be used. Others will 
be ignored. HYGOB is the array used to store the count of the number 
of observed value-pairs for each hydrograph.
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Table 10.—Hydrograph variables

Variable 

IHYD

JHYD

KHYD

CONHYD

SCAHYD

THYD

HYD

Meaning

The row location of a given hydrograph.
Hydrographs are defined one at a time. If a 
range of rows, columns, or layers have been 
coded, only the first row, column, and layer 
will be selected for this hydrograph.

The column location of this hydrograph. 

The layer location of this hydrograph.

The vertical scale of this hydrograph, in feet of 
head or drawdown per inch of plot.

The horizontal scale of this hydrograph. This value 
is stored as a positive number for those hydrographs 
with linear (arithmetic) time scales, and as a 
negative number for those hydrographs with 
logarithmic time scales.

The elapsed time, in seconds, from the beginning 
of this simulation to the end of each timestep.

The head or drawdown value, in feet, at the end of 
each timestep.
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The record marking the end of data for each observed hydrograph 
must be "ENDOFDATA" keyed into columns 1-9. This record will be 
followed by an end-of-file if no more observed hydrograph data 
follows. Or, it may be followed by the first time-head pair of the 
next observed hydrograph to be read. Caution must be exercised to 
insure that observed hydrograph data sets are placed on OBSFIL in the 
same sequence that the "OBS" commands are entered into data input 
Block 9. The reason for this is that location information is not 
provided on OBSFIL. Locations are defined only in data input 
Block 9.

After the observed hydrograph data is stored, DATAIN prints out 
a table of data points which will be plotted for each observed 
hydrograph.

Layer initialization. — DATAIN checks the status of the logical switch 
ERROR. When ERROR=.TRUE. , the program stops. Otherwise, DATAIN will 
initialize the simulation grid, layer by layer, until all layers have 
been initialized and written to the peripheral mass-storage device.

The logic differs between initial runs and restart runs. For a 
new simulation, DATAIN first sets all NWPL words of the LCM "LEVEL 2" 
array HXA to zero. For a restart, the program calls subroutine BUFIN 
to load the proper layer from mass storage into HXA. HXA is used for 
all grid initialization in DATAIN. Then, all "cube" initialization 
tables are scanned in the order which they were entered. Commands 
which apply to the layer currently being initialized are processed. 
The values for each variable specified by each command are stored 
into the layer at the proper node and variable offset. This 
sequential processing of the input commands, layer by layer, from 
course definition to finer definition of "cube" characteristics 
allows the modeler to define large, complex models with very few 
commands.

- processing all input "cube" definition commands, DATAIN
sets all variables in the first row, the last row, the first column,
and the last column to zero. If PHISET=.TRUE. , all starting head
values (STRT) are set to the head values (PHI) as initialized.
Finally, the NWPL words of this layer (LTHIS) are written out to the
peripheral mass-storage device, with a call to subroutine BUFOUT.
This process continues until all layers have been initialized.
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Initialization of grid-related parameters.—The program calculates 
the arrays DELXI, DELYI, and DELZI, as the reciprocals of the grid 
dimension arrays DELX, DELY, and DELZ. The reciprocals are used 
throughout the code whenever the algorithms call for a division by 
DELX, DELY, or DELZ because multiplications are faster than divisions 
on the Cyber computers.

The program must calculate the directional transmissivities for 
those nodes which the user has not explicitly preset TR, TC, and TK. 
DATAIN calls subroutine ALTRAN to do this, unless the user has 
selected ONLYIN=.TRUE. in data input Block 2 which indicates that 
this run is merely to error-check the data input. If the user has 
selected DMPINT=.TRUE. in data input Block 2, the program overrides 
the ONLYIN switch and proceeds with the call to ALTRAN. As a result, 
the dump of all variables for all nodes will include the starting 
directional transmissivities calculated by ALTRAN.

After the call to ALTRAN, DATAIN calls subroutine ITPARM to 
calculate the iteration parameters RHOP. This occurs when 
ONLYIN=.FALSE, or DMPINT=.TRUE,

Finally, DATAIN returns to the main program of the main overlay. 
All tables have been setup for processing, and all layers have been 
initialized and written out to a peripheral mass-storage device.

SUBROUTINE ALTRAN.—Subroutine ALTRAN calculates the directional 
transmissivities for each node by calling subroutines TCOFZ and 
TCOFRC in the main overlay. In addition, it calls subroutine TRANS 
in the main overlay to calculate the transmissivity in all unconfined 
cells. ALTRAN is called only from program DATAIN in the data input 
overlay. ALTRAN is identical to subroutine WTTRAN in the 
computational overlay, except that ALTRAN forces 
vertical-transmissivity calculations to be performed by setting the 
logical variable CALZ=.TRUE.

SUBROUTINE ITCOEF.—Subroutine ITCOEF calculates terms which are used 
by subroutine ITPARM in the data input overlay to calculate the 
iteration parameters RHOP. ITCOEF is called only from ITPARM.
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SUBROUTINE ITPARM.—Subroutine ITPARM calculates the iteration 
parameters RHOP. ITPARM is called only from program DATAIN in the 
data input overlay.

The program calculates RHOP in one of three manners. First, the 
user may define RHOP explicitly. ITPARM checks the values of RHOP; 
if any of the NRHOP values of RHOP are non-zero, ITPARM sets 
SKIPIT=.TRUE. and skips the iteration parameter calculations 
altogether. Second the user may define WMAX explicitly, leaving RHOP 
not initialized. ITPARM checks the value WMAX, and if it is 
non-zero, sets SKIPW=.TRUE. and skips the calls to subroutine ITCOEF. 
The calculation of RHOP values are otherwise treated identically to 
the third case. Third, both WMAX and RHOP are zero when ITPARM is 
called. Parameters PIC, WMIN, BELT, XT, YT, ZT, RH01, RH02, and RH03 
are initialized by the program. Then, subroutine ITCOEF is called 
once for each layer, resulting in values for RH01, RH02, and RH03 
which are functions of grid sizes and directional transmissivities. 
ITPARM then calculates a value for WMAX, which in turn is used to 
calculate the NRHOP values of RHOP.

ITPARM concludes by printing out the method used to calculate 
the iteration parameters and the values of the parameters, and then 
returns to program DATAIN.

SUBROUTINE SETLIM.—Subroutine SETLIM inspects the row, column, and 
layer limits defined on "cube" input records, error checks them to 
insure that they do not stray outside the defined simulation grid, 
and returns the error status. SETLIM is called only from program 
DATAIN in the data input overlay.

Computational overlay

The computational overlay is comprised of its main program 
(PROGRAM COMPUTE), subroutines to enter time-dependent data 
(SUBROUTINE NEWPER), and subroutines for solving the strongly 
implicit procedure (SIP) equations. COMPUTE is called from the main 
program of the main overlay after the data entry overlay has been 
completed.
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This overlay utilizes redundant subroutines when solving the SIP 
normal and SIP reverse algorithm. Redundant subroutines reduce the 
central processor time necessary to perform the calculations. The 
details of each set of redundant subroutines are described in this 
section under the discuss for subroutines SIP and PIS.

PROGRAM COMPUTE.—The main program of this overlay determines the 
sequence of calls to the subroutines which will execute "SIP" for a 
new pumping period, a new timestep, or a new iteration. The state of 
the variable NEXT determines which routine will be called, as 
follows:

When NEXT = 1, CALL NEWPER A new pumping period begins;

= 2, CALL NEWSTP A new timestep begins;

= 3, CALL NEWIT A new iteration begins.

When program COMPUTE is first called, it inspects the restart 
switches RESTRT, RSRTPP, RSRTTS, and RSRTIT. If they are false, this 
run is not a continuation of a previous simulation. If any are true, 
COMPUTE prints a message in the dayfile and sets NEXT to the correct 
state for the type of restart selected by the user.

The correct entry point (NEWPER, NEWSTP, or NEWIT) in subprogram 
NEWPER is called. A call to NEWPER executes logic setting up a new 
pumping period and then automatically continues into the logic 
setting up the first timestep of the pumping period. A call to 
NEWSTP executes logic setting up a new timestep, and then 
automatically continues into the logic for the first iteration of 
that timestep. A call to NEWIT executes logic initializing only the 
next iteration of the current timestep and pumping period.
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Control returns to COMPUTE when initialization for an iteration 
is complete. Next, for water-table simulations (WTABLE=.TRUE), 
subroutine WTTRAN is called to calculate transmissivities for 
unconfined cells. Then either the normal or reverse algorithm (SIP 
or PIS) is called to solve the system of equations for this 
iteration. On the first iteration (and all odd-numbered iterations) 
of each timestep, the equations are solved from the bottom layer to 
the top by calling subroutine SIP. On the second iteration (and all 
even-numbered iterations) of each timestep, the equations are solved 
from top to bottom by calling subroutine PIS. This sequence 
continues until the simulation converges or until some error 
condition is encountered. When the simulation has converged for a 
timestep, COMPUTE sets NEXT for either the next timestep or the next 
pumping period depending on whether the current pumping period is 
finished. Finally, when all pumping periods are complete, COMPUTE 
prints a dayfile message, sets ENDSIM=.TRUE., branches to subroutine 
OUTPT of the main overlay to print out the simulation results, and 
returns to the main program of the main overlay.

SUBROUTINE CLAY.--Subroutine CLAY calculates coefficients for the 
transient part of the leakage term when TRLEAK=.TRUE. It is called 
only from entry point NEWSTP, immediately after the time parameters 
for this timestep have been calculated.

On the first call to CLAY, a Cyber Record Manager 
word-addressable file is initiated, and pointers to key locations in 
the file are calculated. The size of the file may be calculated as 
follows:

NWORDS = MODE * NROW * NCOL * (NLAYER— 1)

where: MODE is the number of exponential terms in the
leakage equation;

NROW is the number of rows in the model grid;

NCOL is the number of columns in the model 
grid;

NLAYER - 1 is the number of layers in the model grid 
less one.

Various constant values are calculated. Then, if this is both the 
first call to CLAY in this run and if this is not a restart of an 
earlier similation, CLAY calculates the initial values of the 
coefficients. These values are stored on the word-addressable file.
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On the second and subsequent calls to CLAY, the following 
occurs. First, the variables TL, TLK, and SL are set to zero at each 
cell. Then calculations are performed at each cell which is active 
(T.NE.O), which has the cell in layer above it active, and which has 
non-zero values for the vertical conductivity and the thickness of 
the confining bed. TL, TLK, and SL at each cell in this layer are 
updated, as are TL and SL of the cell in the layer above. This 
process continues from the bottom layer to the layer immediately 
below the top layer. After the coefficients for each layer are 
calculated, they are written to the word-addressable file for use 
during the next and subsequent timesteps.

SUBROUTINE NEWTEK, and alternate entry points NEWSTP and 
NEWIT.—Subroutine NBWPER initializes the model in preparation for a 
new pumping period. A call to entry point NEWSTP initializes for a 
new timestep within a pumping period. A call to entry point NEWIT 
initializes for a new iteration within a timestep. NEWPER, NEWSTP, 
and NEWIT are called only from program COMPUTE, the main program in 
the computational overlay.

Entry NEWPER.—A call to entry point NEWPER is made at the beginning 
of a new pumping period. The program reads the data input namelist 
$NEWPP and then adjusts the number of timesteps NUMT, the length of 
the timestep BELT, and/or the number of days in the pumping period 
TMAX, in a manner identical to the use in Trescott (1975). See the 
discussion with data input Block 11 for the two options available for 
defining the time parameters.

If the user has set WELZRO=.TRUE. NEWPER sets all current 
pumping values to zero. This option forces the user to enter the net 
pumping values to be used with each pumping period. When 
WELZRO=.FALSE., the user enters the changes in pumping values at the 
beginning of each pumping period, and the program accumulates these 
changes from one pumping period to the next.
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Five variables are used to account for all pumping values in 
NEWPER. IW, JW, and KW are the row, column, and layer locations of 
each cell which has pumping wells defined. WELVAL is the net pumpage 
for each pumping cell. WELVAL will be negative for nodes with net 
withdrawal and positive for nodes with net injection. LOCWN points 
to the location of each pumping node. These variables are used in 
NEWPER because the three-dimensional pumpage arrays are not in memory 
when the pumping data must be read. Therefore, the program 
temporarily stores this information, and later when subroutine REINIT 
is called, transfers the pumping data to the three-dimensional 
arrays.

NWEL defines the number of wells to be input by NEWPER. If 
NWEL=0, NEWPER will not attempt to read any pumping data. If NWEL is 
not equal to zero, NEWPER reads the namelist $NEWELL repetitively, 
one namelist per well, and stores the pumping data until it reads a 
$NEWELL card with ROW=0, or COL=0, or LAYER=0. Since these all 
represent impossible grid locations, NEWPER stops reading pumping 
data. NEWPER counts the number of wells in the input data set 
regardless of the magnitude of the non-zero value of NWEL defined in 
$NEWPP. This mechanism should avoid the errors likely when counting 
input records.

QFAC is a set of multipliers which is used to adjust the pumping 
values entered in SNEWELL. QFAC(l) will be used when QTYPE=1 is 
defined in $NEWELL, QFAC(2) when QTYPE=2, and so forth. Unless 
specified otherwise, all QFAC multipliers default to the value 1.

NEWPER checks for the presence of rivers in the simulation 
(NR>0). If NR>0, the namelist $NEWRIV is read. $NEWRIV defines 
RQ, the flow to be introduced into each river reach at the start of 
this pumping period.

Finally, tables are printed of well and river data. If the user 
has set DMPPP=.TRUE. in data input Block 2, a debug printout of all 
well data will be produced each pumping period. NEWPER logic flows 
automatically into the logic for the first timestep of the pumping 
period.
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Entry NEWSTP.—Entry NEWSTP first increments the timestep counter KT 
by one and sets the iteration counter IT to -1. The first iteration 
will be iteration number zero. The timestep time parameters are 
calculated. If TRLEAK=.TRUE., subroutine CLAY is called to compute 
the transient-leakage coefficients. The elapsed simulation time is 
saved for use by any hydrograph plots. The logic of NEWSTP flows 
automatically into the logic for the first iteration of the timestep. 
ITSW is set to 0 marking the first iteration of a new timestep.

Entry NEWIT.—Entry NEWIT first increments the iteration counter IT. 
The first iteration is iteration number zero. NEWIT contains logic 
to allow the console operator at the computer site to display the 
current status of the simulation on the dayfile. This is done by the 
operator turning on Sense Switch 6 (SSW6). This feature was designed 
for the user who might be running a very long simulation to view the 
progress of the run at the operator's console.

NEWIT checks to see if the simulation has exceeded the permitted 
number of iterations (IT.GT.ITMAX). If so, subroutine OUTPT is 
called, and the run is terminated. If not, NEWIT selects the next 
iteration parameter RHOP, initializes the maximum head change 
variable DLHDMX, and sets the convergence switch CNVRG to .FALSE. 
The logic then calls subroutine REINIT to reinitialize each layer of 
the model. REINIT is called from bottom to top, or from top to 
bottom, according to whether the previous iteration had been SIP 
reverse or SIP normal. If rivers are defined for this simulation 
(NR > 0), subroutine RIVERQ is called to distribute the river 
leakage. If the user has set switch DMPRIV=.TRUE., a debug printout 
of all river data will be produced.

After the model has been reinitialized, control returns to 
program COMPUTE which calls the appropriate computational subroutine.
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SUBROUTINE PIS.--Subroutine PIS executes the "SIP" reverse algorithm. 
It is called only from program COMPUTE in the computational overlay. 
It first loads the arrays for top three layers into LCM "LEVEL 2" and 
then proceeds to call the redundant subroutines PISA1, PISB1, or 
PISC1 in sequence, according to whether the "middle" layer is in LCM 
labelled COMMON block LCMA, LCMB, or LCMC. The variable MLOOP counts 
the number of loops executed. The variable MODML uses the MOD 
function to control the branching to the correct redundant 
subroutine. After the bottom layer has been processed, the program 
swaps all resident layers to the peripheral storage device.

Then, the backwards substitution is performed from the bottom 
layer to the top. PIS calls the redundant subroutines PISA2, PISB2, 
or PISC2 in sequence, according to whether the "middle" layer is in 
LCM labelled COMMON block LCMA, LCMB, or LCMC. Since the bottom 
three layers were stored in LCM "LEVEL 2" at the end of the downward 
sweep, the program does not attempt to re-load those layers prior to 
beginning the backwards substitution. The variables MLOOP and MODML 
are used for the same purposes as above.

After the backwards substitution, subroutine PIS checks to see 
if the simulation has converged and sets CNVRG to .TRUE, or .FALSE. 
accordingly. The signed maximum head change is stored into DLHDMX 
for this iteration. Then control is returned to program COMPUTE.

SUBROUTINES PISA1, PISB1, and PISC1.—These subroutines perform the 
forward substitution portion of the "SIP" reverse algorithm, 
calculating the intermediate vector V. The grid is processed by 
column, west to east, and by row, south to north, and by layer, top 
to bottom.

Subroutines PISA1, PISB1, and PISC1 are redundant subroutines.
TVi/lt" i~ tllCV r*T" rt iHprl 'f~"'fl0 l *"0 «-»ooV ^f-Vvor- -in OITOT\T T-«ao r»t»r> t" ovrxnnf- •«••»«*«- •*•" > <-«n-_; uj.<_ -i-vicii w j.\_i*x _^J ^.v«~.. *Jl.i.v,<. j.-» _.___, ~*.^ r -.^- t ____[-•!_

for the definitions of the LCM "LEVEL 2" labelled COMMON block 
definitions for LCMA, LCMB, and LCMC. PISA1 is called from 
subroutine PIS when the "middle" layer HXB resides in LCM "LEVEL 2" 
labelled COMMON block LCMA. PISB1 is called when HXB resides in 
LCMB. PISC1 is called when HXB resides in LCMC.
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Calculations proceed in the same sequence as in Trescott (1975) 
except for the following:

1. The storage term (RHO, SUBS) may be calculated as a function 
of head depending on whether the cell being processed is confined or 
unconfined. For confined cells, RHO equals the storage coefficient 
divided by BELT. If WTABLE=.TRUE. and a cell is unconfined, RHO 
equals the specific yield divided by BELT. If the cell has changed 
state during this iteration, the storage term is modified by SUBS.

2. For simulations with rivers (NR > 0), the river leakage 
term, QRA, is added into the QR term.

3. For simulations with transient leakage from confining layers 
(TRLEAK= .TRUE.), the transient terms TL and TLK are added into the 
E term.

4. The residual RES is multiplied by the dampening variable 
BAMP. This dampens oscillations when BAMP is less than one, and 
exaggerates oscillations when BAMP is greater than one. The default 
value of BAMP is 1.

5. Finally, the vector V is used to store the head change at 
each node for this iteration. The vector XI is used to store the 
head change at each node for this timestep. By using V and XI in 
this manner, the array OLB (Trescott, 1975) is eliminated.

SUBROUTINES PISA2, PISB2, and PISC2.—These subroutines perform the 
backward substitution portion of the "SIP" reverse algorithm. They 
are called only from subroutine PIS. The vector V is altered by the 
EL, FL, and GL temporary vectors, resulting in the head change at 
each node in the grid for this iteration. V is then added into PHI 
at each node to provide the new head values at the end of this 
iteration. V is then added into XI to provide the net head change at 
each node for this timestep. The maximum head change at any one node 
and the row, column, and layer location of the node are stored in 
BIGT, BIGI, BIGJ, and BIGK respectively. The absolute value of BIGT 
is stored in the variable BIG, which is tested in subroutine PIS for 
convergence.

PISA2, PISB2, and PISC2 are redundant subroutines. They are 
identical to each other in every respect except for the definitions 
of LCM "LEVEL 2" labelled COMMON blocks LCMA, LCMB, and LCMB. 
Processing goes by column, east to west, by row, north to south, and 
by layer from bottom to top.
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.--Subroutine RKIH1T reinitialises certain variables 
before the beginning of each iteration. Tt. is calJod only from 
subroutine NLWPER, after the .start of entry point NEW IT.

For each iteration, the variables El,, FL, GL, and V are set to 
zero. For the first iteration of a new tiuestcp (TT---0), tlie 
variable XI is set to zero, WSUR is set to the head value in the 
topmost active node, and subroutine SAVHYI) is called to store 
hydrograph data for the previous timestep. For the first iteration 
of a new pumping period (NEWPFL=.TRUE.), the well vaJues at each node 
are first set to zero, and then non-zero pumping values are stored 
for each active pumping node.

Some debugging code is present in REINIT, allowing the printout 
of tht values of all data elements at the beginning of each 
iteration. Setting the switches TRACE=.TRUE., DMPVAR-.TRUE., and 
DMPJT=.TRUE. will produce massive printouts.

_.. ne SIP ex<- c "t-e s the "SIP" normal algorithm. 
It is called only from program COMPUTE in the computational overlay. 
It first loads the arrays for bottom three layers into LCli "LEVEL 2" 
and then calls the redundant subroutines SIPA1. SIPRJ, or SiPCJ in 
sequence, according to whether the "middle" layer is in LCM labelled 
COMMON block LCMA, LCMB, or LCMC. The variable MLOOP counts- the 
number of loops executed. The variable MODML uses the HOD function 
to control the branching to the correct redundant subroutine. After 
the top layer has been processed, the program swaps all resident 
layers to the peripheral storage device.

Then, the backwards substitution is performed from the top layer 
to the bottom. SIP calls the redundant subroutines SIPA2, SIPB2, or 
SIPC2 in sequence, according to whether the "middle" layer is in LCM 
labelled COMMON block LCMA, LCMB, or LCMC. Since the top three 
layers were stored in LCM "LEVEL 2" at the end of the upward sweep, 
the program does not attempt to re-load those layers prior to 
beginning the backwards substitution. The variables MLOOP and MODML 
are used for the same purposes as above.

After the backwards substitution, subroutine SIP checks to see 
if the simulation has converged and sets CNVRC to .TRUE, or .FALSE. 
accordingly. The signed maximum head change is stored into DLHDMX 
for this iteration. Then control is returned to program COMPUTE.
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SUBROUTINES SIPA1, SIPB1, and SIPC1.—These redundant subroutines 
perform the forward substitution portion of the "SIP" normal 
algorithm, calculating the intermediate vector V. They are called 
only from subroutine SIP. They perform the same function as PISA1, 
PISB1, and PISC1 except that the grid is processed by column, west to 
east, and by row, north to south, and by layer, bottom to top.

SUBROUTINES SIPA2, SIPB2, and SIPC2.--These redundant subroutines 
perform the backward substitution portion of the "SIP" normal 
algorithm. They are called only from subroutine SIP. They perform 
the same function as PISA2, PISB2, and PISC2 except that the grid is 
processed by column, east to west, by row, south to north, and by 
layer, top to bottom.

SUBROUTINE WTTRAN.—Subroutine WTTRAN calls subroutines TRANS and 
TCOFRC in the main overlay to calculate transmissivities in the 
unconfined cells for water-table simulations. It is called from 
program COMPUTE in the computational overlay only when the switch 
WTABLE=.TRUE. This routine is identical to subroutine ALTRAN in the 
data entry overlay except that in ALTRAN the variable CALZ=.TRUE. is 
set so that directional transmissivities are calculated for the 
vertical direction. In WTTRAN, CALZ=.FALSE., which limits 
transmissivity calculations to the horizontal directions.

Water tables may be modelled in two or in three dimensions. If 
the user defines two-dimensional water table (*DEFINE 2DBTPRM, 
described in Appendix I), the top layer of the grid contains 
water-table cells, and all other layers contain artesian cells. If a 
water-table cell dewaters, the program removes the water-table cell 
from the simulation by setting T=0. The cell below remains artesian.

The user may select three-dimensional water table by not 
defining 2DBTPRM when compiling the program. In this case, 
water-table cells may occur in any layer of the model. A cell in the 
top layer which is partially saturated and which has a non-zero 
transmissivity overlies cells which must all be artesian. That is, 
the model does not allow for perched water tables. If a water-table 
cell becomes dewatered (i.e., the head falls below the bottom of the 
cell), the program removes it from the simulation by setting T=0. for 
the dewatered cell and changes TK of the cell below to zero. 
Further, all storage calculations for the water table cells use 
specific yield, SY, rather than the storage coefficient.



Once a cell has become dewatered, the program does not allow it 
to resaturate. If a cell changes from artesian to water table after 
the overlying cell dewaters, the new water-table cell remains a 
water-table cell for the duration of the simulation (unless it also 
dewaters).

Description of file structures

Cyber Record Manager software performs all program input/output. 
The actual I/O is performed implicitly through the compiler when 
FORTRAN READ and WRITE and BUFFER IN and BUFFER OUT statements are 
executed. In these cases, FORTRAN generates the calls to Record 
Manager routines. The I/O may also be performed explicitly, with 
direct calls to Record Manager routines. This program uses both 
methods of I/O.

Implicit Record Manager I/O

When using the FORTRAN READ or WRITE statements, the Cyber 
Record Manager buffers all data between the peripheral device and 
SCM. An array, known as the buffer, is established for each file 
defined on the PROGRAM statement. When each file is first read or 
written, Cyber Record Manager opens the file, establishes pointers 
whlcb d^^ire the first—word a^M^ess ^T?T.T^) and last—w^rH a^^^^ss fT_.WA) 
of the buffer, and sets the first-word address of the data in the 
buffer to the LWA of the buffer. This in effect says that the buffer 
is empty. Because of this condition, Cyber Record Manager goes out 
to the peripheral device, loads the buffer with data (when reading), 
and sets the FWA of the data to the FWA of the buffer. This in 
effect says that the buffer is full. It then transfers the number of 
words requested by the READ to the variable locations defined by the 
READ list. When done, it resets the FWA data pointer to the next 
available buffer word. By buffering, the number of accesses to the 
peripheral device is reduced, thereby improving CPU efficiency and 
turnaround time for each job. Output is handled in a similar manner.
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Files which use FORTRAN BUFFER IN and BUFFER OUT logic are 
processed differently by Cyber Record Manager. Using these 
statements, contiguous blocks of data are transferred directly from 
the user memory locations to the peripheral device, or vice versa. 
No temporary movement of data to or from a system-defined buffer 
occurs. This method improves I/O speed and requires less system 
overhead to execute for large block transfers. As a result, a system 
buffer is superfluous for these types of files and may be set to a 
length of zero on the PROGRAM statement explicitly. This is less 
critical on the Cyber 176 computers than on the CDC 6600 computers 
because system buffers reside in LCM on the former, but in central 
memory on the latter. LCM is much larger than central memory. 
Another key difference between the different types of I/O is in the 
timing. When FORTRAN executes a READ or a WRITE, it pauses until the 
I/O operation is complete so that it may properly perform the 
transfer to or from the peripheral device (when necessary) and update 
the buffer pointers. With BUFFER IN and BUFFER OUT however, control 
returns to the calling program as soon as the I/O operation 
commences. With the conscientious programming of I/O around other 
computational functions, it is possible to perform some I/O in 
parallel with the CPU. In this manner, some turnaround efficiencies 
are attainable.

Files which are to be accessed with FORTRAN I/O statements must 
be defined by the program in the PROGRAM statement. The PROGRAM 
statement must be the first FORTRAN statement in the program. In the 
case of overlayed programs, the PROGRAM statement with file 
declarations must be the first FORTRAN statement in the "main" 
overlay. When compiling this program, as described in Appendix I, 
the user will in effect select from among two different sets of 
FORTRAN file definitions according to whether *DEFINE OBSHYD is 
defined to Cyber Update (table 11).

Cyber Record Manager requires the consistent processing of a 
file within a program. That is, those files which are processed with 
BUFFER IN and BUFFER OUT may not also be processed with either 
formatted or unformatted (binary) READ and WRITE statements within 
one run. Those files written with a formatted WRITE (i.e. with 
reterence to a FORTRAN FORMAT statement) may not be read WJLLII 
BUFFER IN or an unformatted READ. Those files written with an 
unformatted WRITE may not be read with a BUFFER IN or a formatted 
READ. Thus, it is critical that the file numbers and names be 
treated consistently throughout the program. Access to all files in 
table 11 is sequential. That is, access to any single record 
requires that all records on the file prior to the desired record 
must be processed first.
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Table 11.—Files declared on PROGRAM statement

File Name
Logical 

File Number

Read/Write 
or 

Buffer I/O Description

HDTMP

META

BAKIN

BAKOUT

INPUT

OUTPUT

OBSFIL 30

Binary Head dump output file. This 
Write file is written in subroutines 

CHECKA, CHECKB, and CHECKC 
when switch PHIDMP=.TRUE.

Buffer Out Metaplot output file. This 
file is written to only by 
Metaplot system subroutines 
in response to calls to these 
routines from this program. 
This file is processed by the 
Metaplot program DIRECT after 
this program is finished.

Buffer In Restart input file. This 
file is read from DATAIN 
when RESTRT=.TRUE. It con 
tains SCM and LCM labelled 
COMMON blocks, arrays for 
all layers, and transient leak 
age arrays when TRLEAK=.TRUE.

Buffer Out Restart output file. This file 
is written from subroutine 
OUTPT when SELRES=.TRUE. 
This file will subsequently 
be read as BAKIN when restarting 
the simulation.

Formatted System input. This file is 
Read only used to read all of the data 

input Blocks.

Formatted System printer output. All 
Write only diagnostics and program 

output go to this file.

Formatted Observed hydrograph input file. 
Read only This file is read in program 

DATAIN.
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Table 11.—Files declared on PROGRAM statement - Concluded

File Name
Logical 

File Number

Read/Write 
or 

Buffer I/O Description

MASS1 21 Buffer Mass storage file. This 
In and Out will be used only when

file

MASS2 22 Buffer
In and Out

USEBIO=.TRUE. It will be 
written on and read from 
sequentially, and will be 
alternated with MASS2 for 
peripheral storage layer 
swapping devices.

Mass storage file. Used in 
the same manner as MASS1.
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DESCRIPTION OF HDUMP.—File HDUMP contains a dump of head values 
(PHI) for each layer at the end of each pumping period when 
PHIDMP=.TRUE. The data for each layer begins with a binary record 
which contains five sixty-bit integer numbers:

Word Variable Name Meaning

1 KP Pumping period;

2 NLAYER Number of layers in the 3-D grid;

3 K The number of the layer for which the
head dump which follows is written. K 
will be an integer between 1 and 
NLAYER, inclusive.

4 NROW The number of rows per layer;

5 NCOL The number of columns per layer.

With this information, the number of words in the data block which 
follows this header record (NWORDS) equals NROW times NCOL. HDUMP 
may be post-processed to select data for only those pumping periods 
or layers of interest.

The last record of this file contains a header record with the 
value of each of the five variables set to zero. The final record is 
written by subroutine OUTPT at the end of the simulation.

DESCRIPTION OF META.—File META provides plot data to METAPLOT. It 
cVtQu"M "<">t he processed Hlre^t-ly hy t->»p IIRPT. The file consists of a 
series of 15-bit records. A record may be a command, such as "pen 
up", "pen down", "end of plot" or "draw a vector". It may be a 
coordinate passed as integer from zero to 32,768. It may be a text 
string or a sub-string within a longer string which is to be plotted 
according to some other instructions. Refer to the section, 
"SUBROUTINE PRMAP" for further discussion of METAPLOT.
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DESCRIPTION OF BAKIN.—File BAKIN is read by program DATAIN when 
restarting, using the BAKOUT file written by a previous simulation. 
The first block buffered in contains all of the SCM labelled COMMON 
blocks. The first-word-address (FWA) of the block in SCM is FRSTDM1 
located in the labelled COMMON block FRSTL1C. The last-word-address 
(LWA) in SCM is LASTDMl in the block called LASTL1C. The second 
block buffered in contains all of the LCM "LEVEL 2" labelled COMMON 
blocks. The FWA in LCM is FRSTDM2 in block FRSTL2C, and the LWA is 
LASTDM2 in block LASTL2C. When these two blocks are buffered in and 
RECMPL=.FALSE., all inclusive SCM and LCM memory locations are 
overwritten. Therefore, caution must be used to insure that the 
program has not been recompiled between the creation of BAKOUT and 
the use of BAKIN. The recompilation process is likely to have 
altered the addresses of some or all variables and blocks in SCM and 
LCM.

Following blocks one and two are NLAYER blocks, one for each 
layer in the simulation grid. Each of these blocks is NWPL words 
long. They reside on BAKIN in sequence from bottom to top.

If TRLEAK=.TRUE., the layer blocks are followed by (NLAYER - 1) 
consecutive blocks of leakage terms. Each block is of length MODE * 
NROW * NCOL * 2 words. These blocks reside on BAKIN in sequence from 
bottom to top.

DESCRIPTION OF BAKOUT.--File BAKOUT is written by subroutine OUTPT 
when a simulation is complete and when SELRES=.TRUE. The record 
structure is identical to that described for file BAKIN. It is the 
BAKOUT file which is read as BAKIN when restarting.

DESCRIPTION OF INPUT.—File INPUT contains the records described in 
PROGRAM INPUT REQUIREMENTS.

DESCRIPTION OF OUTPUT.—File OUTPUT contains all printed output 
generated by the program including the job dayfile. In addition, it 
will contain any alphanumeric maps and hydrographs requested by the 
user if the DIRECT(META,,PRINTER) command is executed after program 
completion.
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DESCRIPTION OF OBSFIL.—File OBSFIL is a sequential file which must 
be provided by the user who wishes to display observed time-depth 
values on a hydrograph plot. Record 1 contains the FORTRAN format 
which is to be used to read the time-depth value pairs. The format 
must include both right and left parentheses. The data records which 
follow contain the data pairs formatted as described in record 1. 
The first value of each pair is the elapsed time of the observation 
in seconds. The second value of each pair is the head or drawdown 
value in feet. Note that the use of this second value on the 
observed hydrograph should coincide with the use of HYD or DRY for 
the corresponding calculated hydrograph. Both the observed and 
calculated hydrographs are plotted on the same axes. Attempts to 
plot observed heads with calculated drawdowns on the same axes may 
result in plots which are unexpectedly large in the vertical 
direction. The last record of the data set for an observed 
hydrograph must have the text "ENDOFDATA" in columns 1-9.

The user must have as many repetitions of this sequence (not 
including the format record) as there are observed hydrographs. The 
total number of observed hydrographs must not exceed the number of 
calculated hydrographs defined for the run. Further, the row, 
column, and layer locations of the observed hydrographs must be 
identical to the row, column, and layer locations of calculated 
hydrographs. Observed hydrograph data which does not match with 
calculated hydrograph locations will be ignored.

The sequence of observed hydrograph data sets on OBSFIL must be 
the same as the "OBS" commands defined in data input Block 9. The 
reason for this is that there is no location information in the 
OBSFIL data sets. The location is defined by each "OBS" command. 
Thus, the OBSFIL data sets are strictly order dependent.

DESCRIPTION OF MASSl AND MASS2.—These two files are only used when 
USF.BIO=.TRUE. The files are sequentially read and written. On 
downward sweeps through the grid, blocks of NWPL length are buffered 
out to one of the files from top to bottom. On upward sweeps, blocks 
are read in reverse order from the file last written to. After 
processing, the layers are then buffered out to the other file. 
These processes alternate until the simulation is completed. The 
program maintains a series of pointers to track the sequence of 
events on these two files in an effort to speed up the I/O 
processing. Nonetheless, the use of MASSl and MASS2 is painfully and 
expensively slow and is not recommended except when no alternative 
exists.
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Explicit record manager I/O

It is not necessary to define on the PROGRAM statement those 
files which are processed directly with Cyber Record Manager 
subroutines. Indeed, definition of those files on the PROGRAM 
statement would cause fatal FORTRAN errors during compilation.

To establish and use a "Record Manager File" (RMF), Record 
Manager subroutines FILEWA, OPENM, GET, PUT, and CLOSEM, the 
following logic must be utilized:

1. A File Information Table (FIT) must be established. The FIT 
contains information about the file name, access methods, 
record lengths, blocking factors, user buffer names and 
sizes, and file organization. Within this program, all 
explicit RMF files use Word Addressable (WA) file 
organization. Subroutine FILEWA is called to establish a 
FIT. Word addressable files are used as massive memories, 
much as LCM "LEVEL 3" is used.

2. The file must be opened for input and/or output. All WA 
files are bi-directional, i.e., they may be read from or 
written to in any sequence. The file is opened when OPENM 
is called with the FIT as a formal parameter.

3. Subroutines GET and PUT must be used to read and write the 
RMF files. The call to either subroutine includes the name 
of the user-defined array which contains the FIT, the 
user-defined array which will be used as the buffer, and the 
length of the transfer string in characters.

4. Finally, when processing is complete on an RMF file,
subroutine CLOSEM must be called to close the file properly.

DESCRIPTION OF MSFIT.—When USERMS.TRUE., rotating mass storage 
(disk) is used as the peripheral device for layer swapping. Program 
DATAIN establishes a FIT for MSFIT. Then, DATAIN builds the array 
LCMPTR which contains the address on MSFIT where each layer will be 
stored. Transfers to MSFIT from memory are made with calls to BUFOUT 
which calls the Cyber Record Manager routine PUT. Transfers from 
MSFIT to memory are made with calls to BUFIN which calls the Cyber 
Record Manager routine GET. Each block consists of the NWPL 
contiguous words allocated to each layer.
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DESCRIPTION OF TRFIT.—When TRLEAK=.TRUE., transient leakage terms 
are calculated for each cell in the grid. Program DATAIN establishes 
a FIT for TRFIT. If restarting from a previous simulation, DATAIN 
will copy the contents of the BAKIN restart file pertaining to 
transient leakage to TRFIT. Subsequently, TRFIT is written and read 
by subroutine CLAY in the computational overlay by using calls to 
subroutines RMPUT and RMGET, which in turn call the Cyber Record 
Manager routines PUT and GET. TRFIT contains the exponential terms 
in the leakage equations and may become quite large. This 
word-addressable file was used rather than LCM storage because of the 
potentially large size of the "array". The arrays ADRMA and ADRMB 
are used within subroutine CLAY to point to the addresses of the disk 
area for each of the terms RMA and RMB. TRFIT will be copied to 
BAKOUT by subroutine OUTPT in the main overlay at the end of a 
simulation when SELRES=.TRUE.

PROGRAM INPUT REQUIREMENTS

This section details the function, format, and sequence of input 
records which may be submitted to the program compiled as in 
Appendix I. See the program listing (Appendixes VII and VIII) for an 
abbreviated set of instructions. Examples given (Appendixes III, IV, 
and V) simulate a hypothetical three-dimensional aquifer system. The 
job control used is for the Cyber-176 computers at the Kirtland Air 
Force Base, Air Force Weapons Laboratory (AFWL), using the NOS/BE 
operating system and may need to be modified for other computer 
systems.

Decks are discussed as being divided into 13 input blocks, each
of which serves a different purpose. Some of the blocks are
optional. However, block 6 must preceed blocks 7, 8, and 9.

Blocks 2, 4, 11, 12, and 13 use the "NAMELIST" logic discussed 
in the above section "NAMELIST Processing".
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Data input block 1: Cyber job control at Kirtland AFB

The job control language (JCL) described here is for the AFWL 
Cyber-176 computer systems running under NOS/BE operating system. 
The card images below must be coded beginning in column one. With 
the exception of the COMMENT statement(s), no embedded blanks are 
allowed in Block 1 input (fig. 5). The items shown in figure 5 in 
upper case should be coded exactly as shown. Those shown in lower 
case must be defined by the user.

Card 1:

jobname

tttt

eeee

ST176

PP

is any alphanumeric identifier beginning with an 
alphabetic character and containing a maximum of 20 
characters. The system will use the first five 
characters and append a two-character code to them, 
resulting in a system-unique seven-character job name.

is the maximum central-processor time in seconds (octal) 
The job will be terminated if time exceeds this 
maximum. T177 (approx. two minutes) should be ample 
for many simulations. Increase this value if the job 
terminates with the dayfile message "CP TIME LIMIT".

is the maximum large-core-memory (LCM) used in 
thousands of words (octal). The value of "eeee" 
should be set to 1300 on the initial run of a 
simulation. The program reduces the LCM requested to 
the amount actually used and displays this value in 
the job dayfile. The value of "eeee" should be set to 
this actual value in thousands for subsequent runs.

selects the Cyber-176 computers for execution of the 
simulation.

is the execution priority; the highest priority is 60. 
The system will ctuLOmciLlccilly reduce the priority if 
the job exceeds the specifications for this high 
priority. Job cost is not related to priority with 
the exception of 40 which costs twice the normal 
charge and guarantees no worse than overnight 
turnaround. Use 40 if desired.

NT1 informs the system that a maximum of one magnetic tape 
drive will be requested. This parameter is used only 
when restarting using tapes. The use of magnetic 
tapes will force slower turnaround and lower execution 
priorities than the use of disk files. When not used, 
simply key in the "." immediately after P60.
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Card 2:

The ACCOUNT card indentifies the user's accounting codes for the 
AFWL accounting offices. The exact format of the fields between the 
parentheses should be provided when an account is established at 
AFWL.

Card 3:

The COMMENT card may be used anywhere within Block 1. Its 
purpose is to copy the text contained after the "." onto the dayfile 
attached to the output. Use as many COMMENT cards as needed to 
provide a quick-glance description of the listing.

Card A:

The LIBRARY (METALIB) card makes the META plotting routines at 
AFWL available to the program. This card must be included when maps 
or hydrographs are requested in Block 9. (Refer to subroutine PRMAP 
in tables A and 5).

Card 5:

ATTACH a disk permanent file available.

FD3D is the logical file name (LFM) of the compiled 3-D 
program (Appendix I).

perm-file-
name-1 is the name given the disk permanent file by the user 

(Appendix I).

idnumber identifies the user's set of permanent files to the
system. The permanent file named in perm-file-name-1 
is unique when qualified by the user's ID.

MR=1 sets the multi-read option. With this option on, more 
than one job may ATTACH this permanent file 
concurrently.
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Card 6:

This card is used only when restarting a simulation from the 
results generated by some previous run. If these results are on a 
magentic tape rather than on a disk permanent file, do NOT use this 
card in Block 1 (refer to the instructions for Block 3 input).

ATTACH is the same as in card 5 above.

BAKIN is the LFN for the results of a previous run.

perm-file-
name-2 is the name given to the disk permanent file by the 

user during the previous run.

idnumber is the same as in card 5 above. 

MR=1 is the same as in card 5 above.

Card 7:

This card is used only when observed hydrograph data are to be 
plotted by the META routine along with output from the model. (Refer 
to "Description of OBSFIL" above).

ATTACH is the same as in card 5 above.

OBSFIL is the LFN of observed hydrograph data.

perm-file-
name-3 is the name given to the disk permanent file at the 

time the user created it.

idnumber is the same as in card 5 above. 

MR=1 is the same as in card 5 above.

Card 8:

This card makes it possible for the logical file HDUMP to be 
made a permanent disk file.

Card 9:

The RFL (Request Field Length) card is necessary to request 
sufficient LCM (Large Core Memory) to store the data arrays. The 
field length requested must not exceed the amount identified on the 
job-card (card 1 above) by the "eeee" parameter. The program will 
reduce the actual amount of LCM used to the exact amount necessary.
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RFL Request Field Length.

ECS= identifies the type of memory resource requested. ECS 
refers to Extended Core Storage, also known as LCM on 
the Cyber series computers. It is allocated to jobs 
in segments of 1000 (octal) words with the length of 
60 bits each. To some extent, the job's execution 
priority, and resultant turnaround time, is a function 
of the amount of LCM called for. Jobs using less than 
500K (approximately 164K decimal) will be scheduled to 
run very quickly. Jobs using less than 1000K 
(approximately 262K decimal) will run less frequently. 
The maximum LCM which one job may request from the 
system at this time is approximately 1300K 
(approximately 360K decimal) words. Depending on the 
system workload, these large-memory jobs might run 
only on the weekends.

eeee is the number of words requested in thousands (octal), 
"eeee" should be identical to the "eeee" value on the 
job card (see card 1 above).

Cards 10, 11, and 12:

The FILE cards are used to assign certain attributes to the 
files identified. The system software which does the input and 
output for all jobs is known as Record Manager. Record Manager 
handles data addressing differently according to whether the data is 
destined for LCM or SCM. The purpose of these three cards is to 
inform Record Manager that these three file names may be used. FILE 
cards may be included even when the files are not used.

FILE specifies that data for the Recorder Manager file information 
table (FIT) is to be defined for specific files.

BAKIN is the LFN of a restart input file.

BAKx»uT is Lilt: LFN u£ a i.et>L.ctL L uut-puL file.

HDUMP is the LFN of a binary file containing head values.

i>BF=NO Record Manager command to set the buffer suppression flag 
to the "NO" state. This feature allows I/O to both 
LCM and SCM.

Card 13:

The LDSET card directs the system LOADER to place the SBF=NO 
data into the FIT's for the files defined the FILE commands. (see 
"Explicit Record Manager I/O").
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Card 14:

The FD3D forces the system to load and execute the executable 
binary program. At this point, the simulation begins execution.

Card 15:

The DIRECT (META,,PRINTER) card directs the META output to the 
line printer. To direct output to other devices, see table 5 and 
"SUBROUTINE PRMAP".

Card 16:

This CATALOG card is used to save the matrices from this 
simulation for a future restart. This card should be used only when 
SELRES=.TRUE. (Block 2). If the results from this simulation are to 
be saved on magnetic tape rather than on a disk permanent file, omit 
this card and refer to the instructions in input Block 3.

CATALOG makes an existing LFN a permanent file by creating entries 
in system permanent file manager tables. A permanent 
file is known in these tables by a permanent file name 
unique within each user's ID. As many as five cycles 
can exist with the same permanent file name and ID.

BAKOUT is the LFN of the restart output file.

perm-file-
name-4 is the name the user wishes to give the permanent file. 

This name may be a maximum of 40 characters, the first 
of which must be alphabetic. No embedded blanks are 
allowed.

idnumber is the same as in card 5 above.

RP=999 specified the retention period for this permanent file, in 
days. The vslne "QQQ" -j_c the Tnaxiiruir1 ? ni^ ocirc •For 
"indefinite" retention. The system default if this 
parameter is not specified is RP=10.
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Card 17:

This CATALOG card is used to save the head matrix from this 
simulation on a disk permanent file.

CATALOG is the same as in card 16 above. 

HDUMP is the LFN of the head matrix.

perm-file-
name-5 is the name the user wishes to give the permanent file.

idnumber is the same as in card 5 above. 

RP=999 is the same as in card 16 above.

Card 18:

End-of-record marks the end of Block 1. This card image is the 
standard Cyber end-of-record (EOR). If punched on a card, the EOR is 
a 7/8/9 multi-punch in card column 1. If entered into a job deck 
from an interactive terminal, the EOR is the text "*EOR" keyed in 
columns 1-4.

Data input block 2: NAMELIST $CONTROL

Block 2 input is a set of logical switches which the user may 
define to control the selection of various program options. Each 
switch may be set to a logical .TRUE, or a logical .FALSE, within 
this block. The user may set any combination of these switches. It 
should be noted that the switches set in this block are NOT saved 
from previous simulations using the restart procedures. Thus, switch 
settings are used for the duration of the one run in which they are 
defined. They are in NAMELIST format so the first card is $CONTROL 
starting in card column 2 and the last card is $END starting in any 
of columns 2-77. The $CONTROL and $END cards are always required.

The first set of switches define the computing environment of 
this simulation. Normally, the user would use the default values of 
these switches.
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SWITCH DEFAULT USE

MF6000 .FALSE. Select CDO6600 and Cyber-74 series mainframes. If
this option is chosen, then the user must 
explicitly specify MF7000=.FALSE.

MF7000 .TRUE. Select CDC-7600, Cyber-76 or Cyber-176 mainframe.
Note: One of the MF.... switches must be 
.TRUE. and the other .FALSE. because the 
architecture of the 6000 is considerably 
different than the architecture of the 7000's. 
In general, larger aquifer simulations cannot 
be run on the 6000 series mainframes.

USELCM .TRUE. Use Large Core Memory (LCM) for the storage of
simulation matrices. Selection of this option 
provides for fastest computations, quickest 
turnaround, and lowest cost. The restriction 
on this option is that the matrices must take 
less than 360K (decimal) words of LCM. This 
allows a practical limit of approximately 
14,000 nodes in the grid. (The number of 
nodes times the number of variables per node 
must be less than about 330,000.)

USERMS .FALSE. Use rotating mass storage (RMS) for the storage of
simulation matrices. This option should be 
selected for simulations larger than USELCM 
will allow. Turnaround is reasonably fast, 
but costs will be higher due to the large 
volume of disk I/O transfers. This option 
uses Cyber Record Manager word-addressable 
file structure. If this option is selected, 
the user must explicitly specify 
USELCM=.FALSE.

USEBIO .FALSE. Use buffer-in/buffer-out input/output. This option
is available for those (hopefully) rare 
instances when the system does not have 
sufficient disk capacity for USERMS. Two tape 
drives may be dedicated to running the 
problem. This option's use can be quite slow 
and expensive; it is not recommended for 
general use.

Note: One of the USE... switches must be 
•TRUE, and the other two must be .FALSE.

The next set of switches control the restart logic of the 
program. The user may restart from previous simulations using file 
BAKIN. The user may generate a file BAKOUT from which subsequent 
simulations may restart. When restarting, various options are 
available to the user.
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SWITCH DEFAULT USE

RESTRT .FALSE. Restart this simulation from a previously run
simulation. When set to .TRUE., the LFN named 
BAKIN will be read, initializing all matrices 
and program COMMON blocks to the values which 
pertained at the end of the earlier 
simulation. If BAKIN resides on a disk 
permanent file, an ATTACH card must be defined 
for BAKIN in input Block 1. If BAKIN resides 
on a magnetic tape, the VSN of that tape must 
be defined in input Block 3. This simulation 
will restart at a new pumping period unless 
either of the switches RSRTTS or RSRTIT, 
described below, are set to .TRUE.

RSRTPP (con 

ditional) Restart this simulation at the beginning of a 
new pumping period. This switch is only 
active when RESTRT=.TRUE. The default value 
of this switch depends on the value of the 
switches RSRTTS and RSRTIT (following). If 
either of them is .TRUE., then this switch 
will default to .FALSE.; otherwise, this 
switch will default to .TRUE.

RSRTTS .FALSE. Restart this simulation at the beginning of a new
time-step. This switch is only active when 
RESTRT=.TRUE. and should only be set to .TRUE, 
when the restart is to begin at a time-step 
other than the first time-step of a new 
pumping period. If the user specifies 
RSRTPP=.TRUE., this switch is ignored.

RSRTIT .FALSE. Restart this simulation at the beginning of a
new iteration. This switch is only active 
when RESTRT=.TRUE. and should only be set to 
.TRUE. when the restart is to begin an 
iteration other than the first iteration of a 
new pumping period. If the user specifies 
RSRTPP or RSRTTS=.TRUE., this switch is 
ignored.

RECMPL .FALSE. The program has been recompiled, or the matrices
are to be completely redefined. This switch 
is only active when RESTRT=.TRUE. When 
RECMPL=.TRUE., all data specified in input 
Blocks 4, 5, and 9 must be redefined. This 
switch must be set to .TRUE. if both 
RESTRT=.TRUE. and the program FD3D has been 
recompiled since the BAKIN file to be used for 
this restart was created.
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SWITCH DEFAULT USE

SELRES .FALSE. Select restart output. When SELRES=.TRUE., this
simulation will create the LFN named BAKOUT at 
the end of the run. BAKOUT will contain all 
model COMMON blocks and all matrices as of the 
end of the simulation. This file may be saved 
on the computer as a permanent file by using 
the CATALOG command as defined in input Block 
1. Or, it may be saved on a magnetic tape by 
specifying the tape VSN in input Block 3. 
This' switch should be .TRUE, if the results 
from this simulation are to be used as the 
basis for a future simulation.
It should be noted that SELRES=.TRUE. and 
RESTRT=.TRUE. may be used in any combination 
within any one simulation. A run may be a 
restart from an earlier run; it may be the 
basis for a subsequent run; it may be both, or 
it may be neither.

ZRMBAL .FALSE. Zero out mass balance cumulative totals and
rates prior to beginning this simulation. 
This switch is normally only used when 
RESTRT=.TRUE. and when the mass balance totals 
and rates calculated in the previous run 
should be ignored by this simulation. For 
example, if the prior run was a steady-state 
run and this is to be a stress run, earlier 
mass balance calculations may be ignored.

PHISET .FALSE. Set starting head values (STRT) to the values
for head (PHI) before starting the simulation. 
This switch is useful in conjunction with 
RESTRT=.TRUE. to initialize the starting heads 
to the current heads; thus, drawdown 
calculations at the end of this simulation 
will be based on the heads in the aquifers at

The next switches may be used during any run whether the run is 
a restart or not.
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SWITCH DEFAULT USE

WELZRO .TRUE. Set the WELL arrays (pumping rates) to zero prior to
the start of each pumping period. This is the 
technique used in the Trescott program 
(Trescott, 1975). When WELZRO=.FALSE., the 
WELL array is not set to zero, and additional 
pumping rates are accumulated into the 
existing rates on a node by node basis. This 
switch is useful when it is convenient to 
enter only changes to pumping rates for each 
new pumping period.

DMPINT .FALSE. Dump input data arrays. By setting this switch to
.TRUE., the user requests the program to 
produce a formatted listing of the data 
matrices for all nodes in the grid as soon as 
array initialization is complete and before 
the simulation begins. This switch may be 
used in conjunction with ONLYIN=.TRUE.

ONLYIN .FALSE. Only in. When ONLYIN=.TRUE., the program will
terminate after the data matrices have been 
initialized, but before any simulation occurs. 
This switch when used in conjuction with 
DMPINT=.TRUE. allows the calculation of TR, 
TC, and TK, and is useful for visually 
checking the simulation input prior to 
simulation. Please note that ONLYIN=.TRUE. 
will not produce a BAKOUT tape even if 
SELRES=.TRUE.

PHIDMP .FALSE. Dump head values. When PHIDMP=.TRUE., the program
will dump the head array (PHI) to the LFN 
named HDUMP at the end of each pumping period. 
To save the HDUMP file as a disk permanent 
file for post-processing, cards 8 and 17 of 
figure 5 must be included.



The following switches are normally only used by the programmers 
when attempting to debug the program. Setting these switches to 
values other than their defaults may result in enormous volumes of 
printout, most of which is cryptic.

SWITCH

DMPIT

DMPPP

DMPTS

DMPVR

DMPRIV

TRACE

DEFAULT

.FALSE.

.FALSE.

.FALSE.

.FALSE.

.FALSE.

.FALSE.

USE

Dump debug print each iteration.

Dump debug print each pumping period.

Dump debug print each time-step.

Dump all variables when dumping debug print .

Dump all river variables when dumping debug print.

Trace program logic and branches on printer.

Data input block 3: I/O control record

This block should only be used when either RESTRT and/or SELRES, 
as defined in input Block 2, is .TRUE. The user may use input 
Block 3 to define the volume serial numbers (VSNs) of the magnetic 
tapes to be requested for the restart input file BAKIN and/or the 
restart output file BAKOUT. This block must be defined whether disk 
permanent files or magnetic tapes are used for BAKIN and/or BAKOUT.

Block 3 consists of one card which has exactly four fields, each 
of which is 10 columns long (fig. 6).
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COLUMNS USE

1-10 This field contains the text "BAKIN".

11 - 20 Used only when RESTRT=.TRUE., this field is blank when restarting 
from a disk permanent file. When restarting from a 
magnetic tape, this field contains the text "VSN=vvvv", 
left justified in column 11. "vvvv" is the AFWL tape 
library location, known as the volume serial number. When 
the program is ready to read BAKIN, it will request the 
computer operator to mount this tape. Once the tape is 
mounted, the program will restart the simulation, then 
return the tape drive to the system when the restart is 
complete. Note that the "vvvv" field contains no embedded 
blanks. A typical "wvv" might be: XXI1.

21 - 30 This field contains the text "BAKOUT".

31 - 40 Used only when SELRES=.TRUE. When it is desired to write
BAKOUT onto a magnetic tape, the VSN of the magnetic tape 
must be entered in this field in the format "VSN=vvvv", 
left justified in column 31. When the program is finished 
with the simulation, the program will request the computer 
operator to mount this tape. Once the tape is mounted, 
the program will write the program COMMON blocks and the 
matrices to this tape, then return the tape drive to the 
system. When it is desired to keep BAKOUT as disk 
permanent file, "*PF" is entered in this field, and the 
CATALOG (BAKOUT....) card of data input block 1 is used.

If BAKIN is to be read from a magnetic tape, or if BAKOUT is to 
be written to a magnetic tape, or both, "NT1" must be specified on 
the job card described in input Block 1.
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Data input block 4: NAMELIST $INLIST

Block 4 inputs single-valued variables and one-dimensional 
arrays. Single-valued variables may be input as shown in the first 
15 lines of figure 4. One-dimensional arrays may be input as shown 
in lines 19 through 23 of figure 4. The values of Block 4 variables 
need not be respecified for a restart (RESTRT=.TRUE.) unless it is 
desired to change them. They are in NAMELIST format so the first 
card is $INLIST starting in column 2, and the last card is $END 
starting in any of columns 2-77. The $INLIST and $END cards are 
always required. The order of input of the variables is unimportant, 
but they are grouped according to function for this discussion. 
Variables relating to options are first, then variables relating to 
convergence, anisotropy, grid definition, pumpage, rivers, output, 
and the input sequence of 3-D variables.

Variables associated with options are:

VARIABLE DEFAULT USE

EQN3 .FALSE.

EQN4 .FALSE.

RCHRG .FALSE.

When .TRUE., the program will solve equation A 
(equation 3 of Trescott, 1975). This requires 
that the variables T and S (Block 7) be input 
as hydraulic conductivity (L/T) and specific 
storage (1/L) and Q -(Block 12) be input as 
specific discharge (L /T per foot of aquifer 
thickness). EQN3 and EQN4 cannot both be 
.TRUE, at the same time.

When .TRUE, the program will solve equation B 
(equation 4 of Trescott, 1975, as corrected by 
Trescott and Larson, 1976) or equation C. 
Equation C is solved when transient leakage is 
used (TRLEAK=.TRUE.); otherwise, equation B is 
solved. EQN4 must be .TRUE. if either 
transient leakage or watertable 
(WTABLE=.TRUE.) are used. The variables T and 
S (RlnrV 7) pt-o inniif as transmissi^ity (L /T) 
and storage coefficient (dimensionless), and Q 
(Block 12) is input as discharge (L /T).

Recharge. RCHRG=.TRUE. indicates that there is 
recharge to some or all of the top layer. 
(The recharge values are input as the 2-D 
array QRE in Block 8.)
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VARIABLE DEFAULT USE

MBALPR .TRUE. Mass balance printout. MBALPR=.TRUE. indicates
that a mass balance printout is desired. This 
is almost always useful.

TRLEAK .FALSE. Transient leakage. When .TRUE., equation C is
solved. (The analytical approximation for flow 
from confining beds is used to couple 2-D 
equations for aquifers). TRLEAK=.TRUE. requires 
that EQN4=.TRUE.

WTABLE .FALSE. Water table. WTABLE=.TRUE. calls for simulation
of a water table which may exist in all layers 
or only in the top layer depending on how the 
program was compiled. Refer to "SUBROUTINES 
PISA1, PISB1, and PISC1", "SUBROUTINE WTTRAN", 
and 2DBTPRM in Appendix 1.

The use or value of certain variables depends on the options 
chosen above. They are:

VARIABLE DEPENDS ON USE

SY WTABLE=.TRUE.

SS TRLEAK=.TRUE.

M0DE TRLEAK=.TRUE.

NVPN WTABLE and 
TRLEAK, and 
2DBTPRM of 
Appendix 1

Specific yield is a 1-D array used when 
WTABLE=.TRUE. There is one term 
(dimensionless) for each layer in the model, 
and the first term is associated with 
layer 1. For simulation of a water table 
only in the top layer, the value SY must 
have a subscript equal to NLAYER (fig. 4, 
line 16). (See "SUBROUTINES PISA1, PISB1, 
and PISC1 for the relationship of SY to S.)

Specific storage of the confining bed(s). 
SS is a 1-D array with one term for each 
layer of the model except for the top layer. 
The first value applies to the confining bed 
overlying the bottom layer (I/L).

The number of terms to be used in the memory 
and influence functions of the confining bed 
approximations. Usually a value between 3 
and 7 is adequate with the larger values 
demanding more computer storage and 
producing more accurate results.

Number of 3-D array variables per node (Block 7). 
To minimize computer storage, select the smallest 
value of NVPN compatible with the simulation. The 
use must specify one of the 4 values as indicated 
in table 12.
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Table 12.—Number of 3-D array variables per node (NVPN)

.TRUE.

.FALSE.

.TRUE.

Water table 
in all layers

NVPN =20

NVPN = 15

Water table in 
top layer only*

NVPN = 18

NVPN « 13

.FALSE.

NVPN = 18

NVPN =-13

*Program compiled with 2DBTPRM defined (Appendix 1).
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Variabl.es associated with convergence are:

VARIABLE DEFAULT___________________________USE___________________

CLSURE Not Error of closure criterion. The simulation proceeds 
applicable to the next time step when the head change during 

the last iteration is less than CLSURE at all 
nodes. This variable must be specified for an 
initial run (RESTRT=.FALSE.). Typical values 
are .01 or .001 feet.

ITMAX Not Maximum number of iterations per time step. The 
applicable simulation is terminated if ITMAX iterations have 

been completed and the maximum head change 
still exceeds CLSURE. If SELRES=.TRUE. 
(Block 2) and disk or tape storage is reserved 
(Blocks 1 and 3), a BAKOUT file will be kept. 
This variable must be specified for an initial 
run (RESTRT=.FALSE.). Values between 25 and 
100 have been adequate.

NRH0P 0 Number of iteration parameters. This is the
LENGTH variable from Trescott (1975). A 
number between 1 and 20 is allowed. Five is 
usually satisfactory.

RH0P Conditional Iteration parameters. RH0P is a 1-D array of
length NRH0P. which is normally calculated by 
the program as in Trescott (1975). After some 
experience with a certain model, the modeler 
may decide that convergence can be achieved 
more quickly by specifying RHOP. If RHOP is 
specified, the 'routine to calculate it is 
ignored and so is the value of WMAX (below).

WMAX Conditional Maximum iteration parameter. When allowed to
default, the program calculates all the 
iteration parameters unless they are specified 
as RHUJ^ (above). The resulting iteration 
parameters may lead to slow convergence 
especially when WMAX approaches 1.000. The 
user may influence the calculation of the 
iteration parameters by defining a non-zero 
WMAX. WMAX = .999 is often a good selection 
for fast convergence. (See "SUBROUTINE 
ITPARM").
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VARIABLE DEFAULT USE

DAMP Damping factor. The head change calculated each 
iteration is multiplied by DAMP. Values of 
DAMP greater than 1 will cause a greater head 
change and may accelerate convergence if the 
undamped head change is very small. Values of 
DAMP less than 1 may accelerate convergence if 
the undamped head changes are oscillating. A 
value of 1.0 (i.e., no damping) is usually 
satisfactory. Values less than 0.5 or greater 
than 1.5 have usually been unsatisfactory.

Variables associated with anisotroply are:

VARIABLE DEFAULT USE

FACTX 0,0,...,0 Anisotropy factors for the x direction. FACTX is
a 1-D array with one term for each layer. The 
first term is associated with layer 1. The 
coded value of T (transmissivity or hydraulic 
conductivity) is multiplied by this value in 
the calculation of TR (Block 7) before the 
flow equations are solved. FACTX is not used 
for those cells where TR is non-zero; thus, 
nonuniform anisotropy can be simulated by 
specifying TR directly in Block 7 for part of 
the model.

FACTY 0,0,...,0 Anisotropy factors for in the Y direction.

FACTZ 0,0,...,0 Anisotropy factors for the Z direction. FACTZ
is used in the calculation of TK (Block 7). 
If EQN3=.TRUE., then FACTZ is the ratio (K'/K) 
of vertical hydraulic conductivity to 
horizontal hydraulic conductivity. If 
EQN4=.TRUE., then FACTZ is the ratio (K'/T) of 
vertical hydraulic conductivity to 
Lransmisoivity. FACTZ is not used for th^se 
cells where TK is non-zero; thus, nonuniform 
anisotrophy can be simulated by specifying TK 
directly in Block 7 for part of the model. 
FACTZ is not used if the transient leakage 
equations are solved (TRLEAK=.TRUE.).

102



Variables associated with grid definition are: 

VARIABLE USE

NR0W Number of rows in the y-direction.

NC0L Number of columns in the x-direction.

NLAYER Number of layers in the z-direction.

DELX Grid spacings in the x-direction (L).

DELY Grid spacings in the y-direction (L).

DELZ Grid spacings in the z-direction (L).

The location of the origin of the 3-D grid is identical to 
Trescott (1975). NR0W tells how many terms are in the DELY vector, 
and NC0L tells how many terms are in the DELX vector. Layers are 
counted from bottom to top, where layer 1 is the bottom and NLAYER is 
the top.

The grid is block centered, i.e., the node points fall exactly 
midway between the sides of the cells.

Variables associated with pumpage are: 

VARIABLE DEFAULT USE

NPER 0

QFAC 1,1,

Number of pumping periods. NPER is the number 
associated with the last pumping period to be 
simulated by this run. KP, input in Block 10, 
specifies the number associated with the 
current pumping period, and simulation stops 
after completion of the pumping period where 
KP=NPER.

Discharge multiplying factors. QFAC is a 1-D array 
of conversion factors used to convert now 
rates from convenient „ units to consistent 
units (L /second or L /second per unit of 
aquifer thickness if EQN3=.TRUE.). QFAC is 
used in conjunction with QTYPE (see Block 11) 
where the first term of QFAC is associated 
with QTYPE=1, the second term with QTYPE=2, 
etc. QFAC has 100 terms. If any Q (Block 12) 
is converted to consistent units before it is 
input, then QTYPE (Block 12) may be allowed to 
default to 100 thus utilizing QFAC (100) which 
defaults to 1.
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Variables associated with rivers are:

VARIABLE USE

NR

NRC

INDX

RQ

NADD

Number of river reaches. (See example in appendix 4). 
A river reach is defined such that surface flow into a 
river reach may occur only at the most upstream node of 
the reach, and surface flow out may occur only at the most 
downstream node of the reach. (Note that NR may be reset 
to zero in Block 13 if it is desired to to eliminate all 
rivers at some time.) NR has a maximum value of 10.

Number of nodes in each river reach. NRC is a 1-D array with 
NR terms. The terms must be entered in the order in which 
the river reaches are to be calculated. If river reach A 
discharges to river reach B, then reach A must be 
calculated before reach B. (The maximum number of river 
nodes allowed in the whole model is 100, 
i.e.S NRC > 100).

Location of river nodes. INDX is a 1-D array with 2 terms 
for each river node. The terms are in the order in which 
the river nodes are to be calculated. Thus, the first 
2 terms of INDX are the row and column, respectively, of 
the most upstream node of the first river reach to be 
calculated. The last 2 terms of INDX are the row and 
column of the most downstream node of the last river reach 
to be calculated. The order of river reaches is the same 
as in NRC.

3
Flow (L /T) into each river reach from outside the model.
RQ is a 1-D array with NR terms. The terms are in the 
same order as in NRC. RQ flow can only be specified at 
the most upstream node of each river reach. (Note that RQ 
may be altered each pumping period, if desired, in 
Block 13.)

The destination for outflow from each river reach. (River 
reaches are numbered in the same order as in NRC). NADD 
is a 1-D array with NR terms. The first term gives the 
destination (reach number) of surface flow from the first 
reach calculated. If flow from any reach is not to be 
added to another reach, its destination is zero. (The 
total flow into a downstream reach is the sum of the RQ 
flow for that reach and the outflow from any upstream 
reaches.)
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VARIABLE USE

RIVER Elevation (L) of the river at each river node. RIVER
is a 1-D array with one term for each river node. The 
terms are in the order in which the river nodes are to be 
calculated. Thus, the first term is for the most upstream 
node of the first river reach to be calculated and the 
last term is for the most downstream node of the last 
river reach to be calculated.

VK Connection coefficient (—). VK is a 1-D array with one

term for each river node. The terms are in the same order 
as in RIVER. The value of VK can be estimated by 
simplifying the geometry of the material through which 
flow occurs and applying Darcy's law. An example might 
be:

Let VK = KF/D

Where K = vertical hydraulic conductivity (—) of the 

river bottom or confining bed.

F = the portion of the horizontal area of the 
river node over which the river flows.

D = the thickness (L) of the river bottom or 
confining bed.

3 QMAX The maximum infiltration rate for each river node (L /T).
QMAX is a 1-D array with one term for each river node. 
The terms are in the same order as in RIVER.

The default values of all the variables associated with rivers 
are zero.

Variables associated with output are: 

VARIABLE DEFAULT______________USE__________________________

NCUBES Conditional Number of output cubes carried over from a
previous run when restarting. When NCUBES is 
not specified, output cubes in Block 9 are 
added to those carried over when restarting. 
When NCUBES=0, no output cubes are carried 
over.

NPCH 10 Number of plot characters used on alphanumberic
contour maps. NPCH=20 may be specified.
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VARIABLE DEFAULT USE

M0DPR 5 There is output from the model every M0DPR'th
time step during each pumping period and at 
the end of each pumping period. If printout 
is desired only at the end of each pumping 
period, set M0DPR to a high value.

The order in which 3-D array variables are entered in Blocks 7 
and 9 may be specified by prefixing them with LC (except STRT goes to 
LCSTR) and assigning each of these newly created variables an integer 
value between 0 and 19. (For a brief explanation of each of the 3-D 
array variables see the discussion of Block 7.) The default values 
of the first 13 LC.. .variables are always the same, and the default 
values of the remaining 7 depend on NVPN (number of variables per 
node) which, in turn, depends on the selection of WTABLE and TRLEAK 
(table 12 above). The default values are indicated on table 13.

Block 4 is terminated with $END starting in any of columns 2-11.

Data input block 5 - HEADERS

Block 5 has four cards:

CARD CARD COLUMNS USE

1 1-6 HEADER

2 1-80 Text to be printed at the top of each page of
output.

3 1-52 Text.

4 1-3 END 

See figure 7.
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Table 13.—Default values for the LC.... variables

^V WPN 13 1

Lid . . • . ^v

Variable >-v

LCPHI 0

LCWEL 1

LCSTR 2

LCT 3

LCS 4

LCTR 5

LCTC 6

LCTK 7

LCEL 8

LCFL 9

5 18 20

000

1 1 1

222

333

444

555

666

777

888

999

LCGL 10 10 10 10

LCV 11 11 11 11

LCXI 12 12 12 12

LCBOT 13 13

LCPERM - 14 - 14

LCTL

LCTLK

LCSL

LCZCB

LCRATE

13 15

14 16

15 17

16 18

17 19
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Data input block 6: SYMBOLS

In this block, numeric values are assigned to symbols which will 
be used in Blocks 7, 8, and 9 to initialize or change arrays. These 
symbols may consist of one, two, or three alphameric characters. 
Symbol values are not retained on the BAK0UT file so they must be 
redefined if used in Blocks 7, 8, and 9 when restarting 
(RESTRT=.TRUE.).

CARD CARD COLUMNS

1 1-7

2 and 1-3 
following

USE

SYMB0LS

A symbol comprised of 1, 2, or 3 alphanumeric 
characters. The program automatically 
left justifies them. Thus #X#=X##=#tfX, but

4-10 

11-20

Last 
card

1-3

Not used.

Value assigned to this symbol. This number may 
be integer, real or in scientific notation. 
Leading and trailing blank spaces are read as 
blanks - not zeros. See figure 8.

END

Data input block 7: 3D INPUT

Tbr^9—dimensional arrav ^T2ri?b!l os1 are those variables that ^?ve 
a value associated with each node of the model. A minimum of 
13 variables are used.

PHI The calculated head (L) for the present iteration, 
normally input by the modeler using exact values at 
constant heads (S<0) and approximate values elsewhere.

WEL The pumpage term at each node (L/T), normally calculated 
by the program from pumpage data, not normally input by 
the modeler.
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STRT The starting head (L), normally input by the modeler.

T The transmissivity (L /T) if EQN4=.TRUE., or the 
horizontal conductivity (L/T) if EQN3=.TRUE., always input 
by the modeler.

S The storage coefficient (dimensionless) if EQN4=.TRUE., or 
the specific storage (1/L) if EQN3=.TRUE., or a flag 
indicating a constant head (S<0), always input by the 
modeler.

TR The harmonic mean of the transmissivities in the 
x-direction between the jth node and the node at j+1, 
accounting for the node sizes DELX. and DELX . . (Trescott, 
1975, equation 26a), normally calculated by the program 
but may be input by the modeler. The program will 
calculate TR for each node where TR is not preset by the 
modeler.

TC Similar to TR but in the y-direction (Trescott, 1975, 
equation 26b).

TK Similar to TR and TC but in the z-direction (Trescott and 
Larson, 1976, equation V).

El,FL,GL,V, and XI
Intermediate variables calculated and used by the program, 
not normally input by the modeler. (Refer to redundant 
subroutines called in SIP and PIS, Appendix VII).

Two more 3-D variables are needed when a water table is to be 
simulated in any layer below the top layer (WTABLE=.TRUE. and the 
code is compiled for 3-D water table):

BOT The bottom elevation (L) of the layer, input by the 
modeler;

PERM The horizontal hydraulic conductivity (L/T) of the 
sft»-»rated portion of the T^yer, input by

Five more 3-D variables are needed if transient leakage is used 
(TRLEAK.TRUE.):

TL,TLK, and SL
Intermediate variables calculated and used by the program, 
not normally input by the modeler; (Refer to CLAY, 
Appendix VII.)

ZCB The thickness (L) of the overlying confining bed, input by 
the modeler;
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RATE The vertical hydraulic conductivity (L/T) of the overlying 
confining bed, input by the modeler.

The first card of Block 7 has 3D INPUT in columns 1-8. 
Subsequent cards have 26 fields of three card columns each as in 
figures 9-12. Card columns 19-20 are not used. Numbers or symbols 
may be right or left justified or centered in these fields because 
the program automatically left justifies them.

The first 6 fields of each card designate the cube (node or 
block of nodes) to which the data on the remainder of the card 
applies. The first field contains the number of the first row of 
this cube and the second contains the number of the last row of this 
cube. Similarly, fields 3 and 4 contain the numbers of the first and 
last columns, and fields 5 and 6 contain the numbers of the lowermost 
and uppermost layers.

To simplify coding, two conventions are established. First, if 
only one of the first or second fields is coded, the program will set 
them both equal and only one row will be affected. Second, if 
neither of the first or second fields is coded, then the program will 
place a "1" in the first field and the value of NROW in the second 
field so that all rows will be affected. Columns are treated 
similarly in fields 3 and 4, as are layers in fields 5 and 6. Thus, 
for example, if all of fields 1-6 are left bank, the whole model will 
be affected by the data coded on the remainder of the card.

Each of the remaining fields 7-26 (card columns 21-80) is 
dedicated to a particular variable following the order specified by 
the LC.... parameters in Block 4. The variable whose location is 0 
(LC....O) has field 7 (card columns 21-23) dedicated to it, the 
variable whose location is 1 (LC....=1) has field 8 (card 
columns 24-26), etc. See figures 9-12.. The order of variables shown 
is the default order.

A variable is initialized (for a particular cube) by placing in 
its field a symbol representing the desired value (as specified in 
Block 6). Thus, for example, if the symbol HIA were given the value 
of 1000 in Block 6 and the de^ulr 1 option of the variable STRT wpre 
used, then placing HIA in field 9 (card columns 27-29) would 
initialize the starting head at 1000.

In Block 7, the order of the cards is very important because 
cube values may be overwritten, added to, or changed by subsequent 
3-D cube input cards.
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Variables corresponding to fields that are blank are not 
initialized. For example, a cube with a symbol in the T field, and 
blanks in all other fields, will initialize only the variable T. 
Values already in the TR, TC, and TK arrays (as when restarting) are 
not overwritten. In this case the program can be forced to use the 
new T to recalculate the variable TR, TC, or TK by redefining that 
variable to zero in the cube of interest.

Constant head cubes are specified by initializing S to a 
negative value and both PHI and STRT to the desired head.

The last card in Block-7 has END in columns 1-3.

Block 7 may be omitted when there is no 3-D input as may be the 
case when RESTRT=.TRUE.

Data input block 8 - 2D INPUT

Certain variables are in the form of 2-D arrays:

QRE Recharge rate per unit area of land surface (L/T). QRE 
applies only to the top layer of the model.

PERM Horizontal hydraulic conductivity (L/T). PERM may be a 
3-D or a 2-D variable depending on how the program is 
compiled (Appendix 1). When it is a 2-D variable, it is 
applied only to the top layer.

BOT Bottom elevation (L). Like PERM, EOT may be either a 3-D 
or 2-D variable. It applies only to the top layer when it 
is a 2-D variable.

The first card of Block 8 has 2D INPUT in columns 1-8.

Subsequent cards are divided into 8 fields of three card columns 
each (fig. 13). Fields 1-4 are used exactly as in Block 7, i.e., to 
specify the beginning and ending rows and columns respectively of a 
cube to which data on the remainder of the card applies. Fields 5 
and 6 are not used.
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CUBE
ROW

BEG

1

i

I

2 3

2 3

END

2

456

456

COL.

BEG

3

789

789

END

4

10 II 12

10 II 12

5

13 14 15

13 14 15

6

16 17 18

1617 18

19 20

1920

ORE

BOT

PRM

7

212223

21 2223

8

2425261

242526

Figure 13.--Coding form for input for 2-D variables (block 8) showing 

fields 1-8 and permissible keywords.
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Field 7 may contain one of the three key words PRM, BOT, or QRE. 
If PRM is in field 7 then an alphameric symbol for the value of 
horizontal hydraulic conductivity of the uppermost layer must be in 
field 8. (The symbol in field 8 must have been defined in Block 6). 
Likewise, if BOT is in field 7 then a symbol for the bottom elevation 
of the uppermost layer must be in field 8 and if QRE is in field 7 
then a symbol for the recharge flux must be in field 8.

The last card in Block 8 has END in columns 1-3. 

If there is no 2-D input, Block 8 may be omitted.

Data input block 9: OUTPUT CUBES

Output from the model is controlled in Block 9. Output may be 
in the form of printed lists, maps, and hydrographs. Values for any 
or all 2-D and 3-D variables in any or all nodes may be output.

The first card of Block 9 has OUTPUT CUBES in card columns 1-12.

Subsequent cards are divided into 13 fields of three card 
columns each (fig. 14). The first 6 fields are used to specify the 
cube for which output is desired as in blocks 7 and 8 above. Fields 
7 through 13 may contain the combinations of keywords, numbers, and 
symbols shown in table 14.

The values of "symbols" are defined by the modeler in Block 6. 
Note that the "symbol for the desired variable" must correspond to an 
integer from 0-19 corresponding to the LC.... variables in Block 4.

The keywords that may appear in ^ield. 7 arp Hpfinpd as:

CUB One or all of the 3-D array variables will be indicated on 
field 8 or 10,

DON Drawdown,

SUR The unconfined water surface; i.e., the heads in the topmost 
active nodes,

HYD A "hydrograph" of the heads at the end of each time step for 
the first node of the cube,
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CUBE

ROW

BEG

1
i

i

2 3

-

2 3

END

2
456

456

COL.

BEG

3
789

789

END

4

10 II 12

10 1112

LAYER

BEG

5
13 14 15

13 14 15

END

6
16 17 18

-

1617 18

19 20

1920

CUB

DDN

SUR

HYD

DHY

ORE

BOT

PRM

7
212223

21 2223

8

242526

242526

LSI

MAP

LAM

LOG

LIN

9
272829

272829

ALL

10

3C 3132

303132

1!
333435

333435

12

36373E

363738

13

394041

394041

Figure 1^.--Coding form for specifying "cube" output (block 9) showing 

fields 1-13 and permissible keywords.
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Table 14.—Acceptable combinations of keywords, numbers, and symbols

FIELD 
7

CUB

CUB

CUB

for Block 9

FIELD FIE 
8 9

(OUTPUT CUBES)

LD FIELD FIELD 
10 11

FIELD FIELD 
12 13

Symbol for LST -
the desired
variable

LST ALL -

Symbol MAP Symbol Symbol
for the or for map for map
desired LAM scale scale

DDN
or
SUR

DDN
or
SUR

HYD
or
DHY

HYD
or
DHY

0BS

QRE

BOT

PRM

variable X.(L/in) Y.(L/in)

Symbol Symbol
for for base

contour elevation
interval (L)

(L)

LST -

MAP Symbol Symbol
or for map for map
LAM scale scale

X.(L/in) Y.(L/in)

Symbol Symbol
for for base

contour elevation
interval (L)

(L)

Symbol for L0G Symbol -
vertical
scale
(L/in)

for
horizontal
scale
(inches
per log
cycle)

Symbol for LIN Symbol -
vertical
scale
(L/in)

-

-

-

_ —

for
horizontal
scale
(seconds
per inch)

-

-

-

_ _

_

-

-

_ _
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DHY A "hydrograph" of drawdown at the end of each time step for 
the node of the cube,

0BS A "hydrograph" of observed heads or drawdowns will be 
plotted on the same axes as the DHY or HYD hydrograph 
for the first node of the cubes,

QRE List of the 2-D array for recharge,

B0T List of the 2-D array for the bottom elevation of the top 
layer,

PRM List of the 2-D array for the horizontal hydraulic 
conductivity of the top layer.

The keywords that may appear in field 9 are:

LST A printed list of the array values,

MAP A printed map of the array values,

LAM Both a list and a map,

L0G The horizontal (time) scale is logarithmic,

LIN The horizontal (time) scale is linear.

The keyword that may appear in field 10 is ALL indicating that 
the listing is to include all of the 3-D array variables.

Special techniques are required to obtain maps of certain 
variables because the META routine uses only positive integers. For 
the sole purpose of mapping parameters that are normally less than 1 
such as T and S, the appropriate symbols in Block 6 are defined to 
positive integer values and the model is run for one iteration. 
Array values that may be negative, such as drawdown, can be mapped by 
specifying a negative base elevation in field 13. (Refer to the 
subroutine PRMAP, Appendix VII, for the calculation of plot symbols).

When the size and scale of a map are such that more than one 
10 x 12 inch map segment (printer page) is required, and a plot 
character spans the boundary of the map segment, an error message 
"(X,Y) OUT OF BOUNDS" will appear. This may require no action on the 
part of the user.

The last card of Block 9 has END in column 1-3.

If no change in output is sought when restarting (RESTRT.TRUE.), 
omit Block 9. If different output is desired when restarting, set 
NCUBES=0 (Block 4) and specify the output cubes that are desired.
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Data input block 10: ENDOFCUBES

The cube input is terminated with a card having ENDOFCUBES in 
columns 1-10. This card is necessary whether or not Blocks 5-9 are 
present.

Data input block 11: NAMELIST $NEWPP

Block 11 is a NAMELIST containing the time specifications for a 
pumping period. It is repeated for each successive pumping period.

Block 11 may consist of only one card. It has $NEWPP starting 
in column 2, and the following variable names:

KP (Number of pumping periods.) The simulation stops upon 
finishing the pumping period where KP = NPER (Block 4).

NWEL (Number of wells.) NWEL=0 specifies that no wells will be 
used during this pumping period. Otherwise this variable is 
omitted. (The modeler may prefer always to use the flag 
described in Block 12.)

TMAX (Maximum time.) TMAX is in days. 

NUMT Maximum number of time steps.

CDLT (Multiplying factor for DELT.) Each subsequent time step 
is CDLT greater than the previous one. Usually CDLT=1.5.

DELT (Initial time step divided by CDLT.) DELT is in hours.

After these variables have been specified the NAMELIST is 
terminated with $END.

To simulate a pumping period of an exact length set NUMT to a 
larger value than would be necessary with the given DELT and CDLT. 
The program will calculate a DELT less than or equal to the value 
coded so that the last time step will arrive at exactly TMAX.

To simulate a certain number of time steps, set TMAX larger than 
needed and NUMT, CDLT, and DELT will be used exactly as coded.
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To simulate both a pumping period of an exact length and a 
certain number of time steps, the modeler must calculate the 
combination of TMAX, NUMT, CDLT, and BELT to allow them all to be 
used as coded.

Data input block 12: NAMELIST $NEWELL

Block 12 is a NAMELIST containing specifications for well 
discharge or recharge on a node by node basis. It is repeated for 
each well. Multiple wells may be specified for a single node, in 
which case the program will automatically accumulate them.

Block 12 may consist of only one card. It has $NEWELL starting 
in column 2 and the following variable names:

R0W (The row of the well node.)

C0L (The column of the well node.)

LAYER (The layer of the well node.)

Any R0W, C0L, or LAYER specified as 0 indicates that the last 
well for the pumping period has been input.

Q (Pumping rate.) Q is negative for discharge and
positive for recharge. The units of Q are normally 
L /second if EQN4=.TRUE. or L /second per unit of 
aquifer thickness if EQM3=.TRUE. However, the use of 
QTYPE (below) and QFAC (Block 4) allow Q to be input in 
any convenient units.

QTVPT?. (Type of units of O.) nTYPF=1 means that- t-he
of QFAC (Block 4) will be used to convert Q to the 
correct units. QTYPE=2 means that the second term of 
QFAC will be used. See example in Appendix IV. The 
default value of QTYPE is 100 and the default value of 
QFAC (100) is 1 as in Appendix III. Thus, if QTYPE is 
not specified the program assumes that Q is being input 
in consistent units.

The NAMELIST is terminated with $END beginning in card columns 2-77.
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Data input block 13: NAMELIST $NEWRIV

Block 13 is a NAMELIST that allows the modeler to respecify two 
variables NR and RQ (Block 4) at each new pumping period.

The normal way that Blocks 11, 12, and 13 are entered is to code 
the time specifications, one pumping period to a card, and the well 
data, one well to a card, and sequence them along with the river data 
as follows:

$NEWPP KP=1..........$END

$NEWELL..............$END
•

•

•

$NEWELL R0W=0........$END

$NEWRIV..............$END
*

$NEWPP KP=2..........$END

$NEWELL..............$END
• 
. 
. 

$NEWELL R0W=0........$END

w $NEWRIV..............$END
.
• 
. 
. 

$NEWPP KP=XXX,.......$END

SEND

$NEWELL R0W=0........$END

$NEWRIV..............$END

First pumping period of this run.

Wells associated with this pumping 
period. (There may be none. 
Also, see WELZR0 in Block 2 
$CONTROL)

Flag.

River data.

Second pumping period.

Wells.

Flag. 

River data.

Where XXX=NPER, indicating that this 
is the last pumping period.

T.T- -[ i „
• « V-J--L ,_, i

Flag. 

River data.
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Data input block 14: End-of-file

Block 14 consists of two cards. The first has the three digits 
7/8/9 overpunched in card column 1. The second has 6/7/8/9 
overpunched in card column 1. If entered from an interactive 
terminal, these cards are *EOR and *EOF in columns 1-4.
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127



APPENDIX I: Compiling a simulation program at Kirtland AFB

The source code for this program is maintained on a permanent 
disk file at the Air Force Weapons Laboratory (AFWL) computer center. 
Permanent files are accessible from all CDC mainframes at AFWL. The 
code itself should be run on the Cyber 176 computers. The Cyber 
utility program UPDATE is used to maintain the source code. 
Therefore, when a user desires to compile the code for a series of 
simulations, he must provide information for UPDATE to correctly 
build the FLECS source with the array dimensions and other processing 
options selected.

This appendix provides all information required to create an 
executable load module and to store the resultant load module on the 
AFWL system disks for future use.

Generally, a user desiring to run a simulation will only need to 
run the instructions in this appendix once (successfully). When 
completed, the job sequence described below will have produced an 
executable load module tailored to the user's simulation and stored 
it on a permanent disk file which may be executed repetitively 
without re-compiling. Figure 1-1 depicts the relationship between 
the files and processors used in this jobstream.

All input control cards described below must be entered exactly 
as displayed, except that lower-case letters reference fields which 
the user will define when submitting the compilation job. Record 
numbers in the explanatory text refer to the numbers in left margin. 
These reference numbers are not to be keyed into records being sent 
to AFWL. All control commands begin in column 1.

Job control block

This section describes the Cyber control records. With the 
exception of the COMMENT commands, no embedded blanks are allowed.

2. ACCOUNT(your accounting information)

3. COMMENT. Any comment information to describe your run

4. PURGE(OLDFILE,permanent-file-name-l,ID=your-id,PW=XR,NA=l,MR=0)

5. RETURN (OLDFILE)

6. ATTACH (OLDPL,NMFD3DOLD PL, ID=USGSPOS,MR=1)

7. UPDATE(Q,D,K,L=A13)
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Figure 1-1.--Flow diagram for compiling program at AFWL
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8. RETURN(OLDPL)

9. ATTACH(FLECS,NFLEC,ID=USGSPOS,MR=1)

10. FLECS(COMPILE)

11. RETURN(FLECS,COMPILE)

12. FTN(A,I=FOUT,R=2,OPT=2,PL=1000000,LCM=I,L=0)

13. RETURN(FOUT)

14. REQUEST(FD3D,*PF)

15. RFL(ECS=eeee)

16. MAP(FULL)

17. LIBRARY(METALIB)

18. FILE(BAKIN,SBF=NO)

19. FILE(BAKOUT,SBF=NO)

20. FILE(HDUMP,SBF=NO)

21. FILE(OBSFIL,SBF=NO)

22. LDSET(FILES=BAKIN/BAKOUT/HDUMP/OBSFIL)

23. LDSET(PRESET=ZERO)

24. LOAD(LGO)

25. NOGO.

26. CATALOG(FD3D,permanent-file-name-l,ID=idnumber,XR=XR,RP=999)
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RECORD FIELD DESCRIPTION

1. jobname

eeee

2.

3.

4.

permanent- 
file-name-1

The system jobcard identifies your job to the 
system by name and defines certain limits on 
system resources. The field may be from 1 to 20 
alphanumeric characters. The first 3 characters 
will be assigned to the user by the system 
librarian at AFWL when an account is established. 
Use a job name that is descriptive.

.This is the maximum amount of ECS (or LCM) which 
the job will use, in thousands of words, octal. 
The larger the number is, the slower turnaround 
will be, with breaks at 477K and 777K. The 
maximum allowed is 1340K.
The user may experiment with this value; however, 
477K is sufficient for approximately 5,000 nodes, 
777K for approximately 10,000 nodes, and 1340K for 
approximately 14,000 nodes.

The ACCOUNT command provides accounting information 
to the system to allow billing for the computer time 
used by a job. An account number will be given by 
AFWL when an account is established.

Comments are optional. Use as many as necessary. 
Comments are displayed in the job dayfile.

This PURGE command assures that the file which this 
job intends to create does not already exist on the 
system. Any permanent disk file with name and 
password permissions identical to those defined on 
this record will be purged from the system.

This is the name to be assigned to the executable 
load module created in this run. PFNs may be
^•*«Q*v» ^ *-/-K O f^ -^"l-r^Vt^-t^ii-m/-*-**-?/-* £V>«-IT»«"»/"»f- /"•»•»*''"' T_ *"* ^ /* *"* *"* f~ V* t »! *"*

first of which must be alpha. Assign PFNs which 
accurately describe the contents of the file. For 
example, a PFN called "FD3D30X30X10" might be used 
as the PFN for a load module to model a 30 by 30 by 
10 grid.
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idnumber An ID must be given for each permanent file
command. The use of an ID to qualify each PFN 
assures that the user's job will attach permanent 
file with permanent-file-name-l rather than one 
that belongs to another user on the computer. The 
ID is assigned to each user by AFWL when an account 
is opened.

5. This RETURN command detaches the old permanent file,
if it had been attached to a job with the PURGE 
command.

6. This ATTACH command attaches the master program
library which contains all source statements for 
the program. The Cyber utility UPDATE will read 
this file and generate another file which contains 
only those source statements selected by user-defined 
options.

7. The UPDATE command loads the Cyber UPDATE utility
program and begins execution. UPDATE will read the 
instructions defined in the UPDATE control block 
(below). It reads the OLDPL attached in job control 
statement 6 and produces a file named COMPILE which 
will contain all program source statements selected.

8. This RETURN command detaches the OLDPL from the
job and returns it to the system.

9. This ATTACH command attaches the FLECS structured
FORTRAN processor to the job.

10. The FLECS command loads the FLECS structured
FORTRAN processor and instructs it to read the 
source statements located on the COMPILE file. 
FLECS produces a formatted listing on the printer 
output file and a file named FOUT. FOUT contains 
FORTRAN statements which will be processed by the 
FORTRAN compiler, FTN.

11. This RETURN command detaches FLECS and the COMPILE
files from the job and returns them to the system.

12. The FTN command compiles the FORTRAN statements
produced by the FLECS structured FORTRAN processor. 
FTN produces a listing on the printer output file 
(OUTPUT) and a file of relocatable binary instructions 
(LGO).
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LCM=I This option must be selected for models requiring 
more than 400K octal words of LCM (approx. 
4000 nodes). It forces the compiler to generate 
indirect addressing for LCM variables.

L=0 This optional command suppresses the FTN 
printer listing. In this case, the R=2 
parameter may also be deleted.

13. This RETURN command detaches the FOUT file from
the job and returns it to the system.

14. The REQUEST command informs the system that the
file named FD3D is to be a permanent file. This 
command is critical, since files not declared to 
be permanent are written on physical disks which 
eliminate files upon program completion.

15. The RFL command requests ECS (or LCM) field
length which (presumably) will be large enough to 
hold all of the LCM arrays which this program 
requires.

eeee This number must be identical to the "eeee" field 
described for record 1. If this LCM field length 
proves to be insufficient, use a larger value and 
resubmit this job.

16. The MAP command tells the Cyber LOADER that cross
reference map is to be printed out. This 
information will be crucial when runs do not work 
The maps also state the precise LCM and SCM 
requirements.

17. The program utilizes the METAPLOT graphics
software which is installed at AFWL. This 
LIBRARY command tells the Cyber loader to look 
in the METAPLOT library of subroutines for some 
of the subroutines called in this r»T r> °"r ;> !T\

18-21 The FILE commands inform the Cyber Record Manager
software that these files, which are also defined 
on the PROGRAM statement at the start of the 
simulation program, will be reading from and 
writing to both SCM and LCM memory locations.

22. This LDSET command tells the Cyber LOADER to use
the FILE commands defined in 18 - 21 above.

23. This LDSET command tells the Cyber LOADER to
preset all SCM and LCM memory locations to zero 
before creating the executable load module.
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24. The LOAD command invokes the Cyber LOADER, and
tells it to read the relocatable binary file, LGO, 
which was produced by the FORTRAN compiler in 
record 12 above. LOADER creates an absolute 
load module on the file named FD3D.

25. The NOGO command completes the overlay loading
process and generates the full maps requested by 
record 16 above.

26. The CATALOG command tells the system to store the
file named FD3D as a permanent file, with the PFN 
and ID specified in the appropriate fields and 
described above with record 4.

XR=XR This parameter defines a password for the permanent 
file. The XR password allows simultaneous reading 
of the file by more than one job, and will 
preclude other users on the system from purging 
this file accidentally.

RP=999 This RP parameter specifies an infinite retention 
period for this permanent file.

27. The format at the end-of-record depends on the
method used to submit this job. If transmitting a 
deck from a remote job entry terminal, the 
end-of-record consists of a record with 7, 8, 
and 9 overpunched in card column one. If running 
interactively from a teletype-equivalent terminal, 
using the Cyber EDITOR, the end-of-record consists 
of the test "*EOR" in column one. This record 
terminates the-job control block.

UPDATE control block

This block follows immediately after the end-of-record at the end 
of the job control block. The user defines those options and 
subprograms that the Cyber UPDATE utility is to select from the 
source statements residing on the OLDPL. The text selected by UPDATE 
is written to the COMPILE file.

The first record of the UPDATE control block must be: 

*COMPILE SIPMN.ENDMN,SIPCM.ENDCM,SIPIN.ENDIN

This record starts in column one. It tells UPDATE to write the SIP 
main overlay to COMPILE first, followed by the SIP computational 
overlay and then the SIP data input overlay.
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Next, the user must define those options which UPDATE is to take 
into account when writing the COMPILE file. Included in this section 
are definitions for the number of rows, columns, and layers, together 
with other "sizing" parameters. The user will define the UPDATE 
options using the generalized format:

*DEFINE option

coded in column one of each record. Each *DEFINE command will cause 
certain conditional source statements to be entered into the COMPILE 
file by UPDATE. In this manner, the source code is tailored to the 
requirements of this simulation. Some of the program options will 
use defaults if no *DEFINE command is entered. For others, the user 
must select one of the available *DEFINE commands, identified below.

Mainframe and I/O file options

The user must select one and only one of these options. The 
CDC-7600 and Cyber-176 computers are referred to as "7000 class" 
mainframes. The CDC-6600 and Cyber-74 computers are referred to as 
"6000 class" mainframes.

OPTION DESCRIPTION

*DEFINE MF7000 The program is to run on 7000 class
mainframe.

*DEFINE MF6000 The program is to run on 6000 class
mainframe.
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Row and column node dimensions

The number of nodes in the row and column directions must be 
defined. UPDATE will generate various arrays based on these 
dimensions. The code is designed to allow the selection of any 
number of rows and columns, in multiples of five, from 10 to 95. For 
example, if a model is 23 rows by 37 columns, the user should define 
a grid which is 25 by 40. The minimum dimension is 10 by 10 and the 
maximum is 95 by 95. One and only one option must be defined. Note 
that simulations using smaller numbers of rows and/or columns may be 
run on code defined with larger numbers of rows and/or columns. 
However, the converse is not true. Obviously, the larger the number 
of rows and/or columns defined, the more memory the program will 
require. Thruput and cost may be affected as a result.

The generalized format for this option is: 

*DEFINE rrcc

where: rr is a two digit number from 10 to 95 inclusive
indicating the number of rows. RR must be a multiple 
of 5.

cc is a two digit number from 10 to 95 inclusive 
indicating the number of columns. CC must be a 
multiple of 5.

Number of words per layer (NWPL)

The program performs many of its internal operations on complete 
layers. It stores a fixed number of words per layer, depending on 
the number of rows (NROW) columns (NCOL) and variables per node 
(NVPN). The user must multiply these three numbers together, then 
round the result up to the next larger multiple of 1000 ?md 
define that value for UPDATE.

The generalized format for this option is: 

*DEFINE PLxxxxx

where: xxxxx is the number calculated as described above. The 
number may be a minimum of 1000 and a maximum of 
99000. If the number is less than 5 digits, use 
only the first 4 xxxxx positions.
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Greater than 131K words of LCM option

If the sum of the number of words used to store all layers 
exceeds 131,072, the program must introduce extra logic to circumvent 
the Cyber computer's limit on addressing size. The user must 
multiply the number xxxxx calculated above by the number of layers in 
the proposed model. If the result exceeds 131,000, the user must 
define this option and also must define a value for the "number of 
layers" options described below.

The format for this option is: 

*DEFINE GT131K

If the number of words in all layers is less than 131,000, the 
selection of this option may cause the execution of this model to be 
slower and more expensive. The "number of layers" options below 
still must be defined whenever GT131K is defined.

Number of layers

This option is only used when the user has selected the GT131K 
option as described above and wants to use Large Core Memory (LCM) 
for the storage of simulation matrixes. In this case, the number of 
layers which will be simulated must be specified.

The generalized format for this option is: 

*DEFINE NLxx

where: xx is an integer representing the number of layers, left
justified. If xx is less than 10, xx will use only one 
digit.

Maximum number of iterations per timestep

The user must select one and only one of these options. These 
options allocate memory for the storage of certain variables used to 
track the changes in head for each iteration of a timestep. No 
timestep may exceed the number of iterations for which memory has 
been set aside. Normally, selection of 100 or 200 iterations is 
adequate. The user may wish to select a larger number when 
simulations to steady state or with widely fluctuating stresses are 
to be performed.
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The generalized format for this option is: 

*DEFINE NITxxxx

where: xxxx is the maximum number of iterations per timestep, 
xxxx may be 100, 200, 300, 400, 500, or 1000.

Maximum number of specified-head nodes

The program keeps track of the location of and the net flow to or 
from each specified-head node. The user must determine the maximum 
number of specified-head nodes which will exist in the model, and 
enter the appropriate option.

The generalized format for this option is: 

*DEFINE NCHxxxx

where: xxxx is the maximum number of specified-head nodes allowed 
in the model, xxxx may be 100, 200, 300, 400, 500, 
1000, 1500, 2500, or 3000.

Maximum number of active wells

The program maintains various arrays pertaining to the location 
of and quantities being pumped from individual wells. The user must 
determine the maximum number of wells to be used and enter the 
appropriate option.

The generalized format for this option is: 

*DEFINE NWxxxx

where: xxxx is the maximum number of pumping wells, xxxx may be 
100, 200, 300, 400, 500, 750 or 1000.
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Transient leakage exponential terms

If the user intends to use the program with TRLEAK=.TRUE. for 
transient leakage from confining layers, then he must determine the 
size of the array to be allocated in subroutine CLAY. The size 
equals the number of rows times the number of columns times the 
number of "modes", where "mode" is the number of exponential terms to 
use. The user must round this number up to the next higher multiple 
of 1000 and enter the correct option. If transient leakage is not to 
be used, enter the option with a value of 100.

The generalized format for this option is: 

*DEFINE MODExxxxx

where: xxxxx is the result of the multiplication described above, 
xxxxx may have any value from 1000 to 20000, and must 
be a multiple of 1000. If transient leakage is not 
to be used, xxxxx = 100.

Maximum number of hydrograph plots

The user may have the program produce time-head or time-drawdown 
hydrograph plots at any node in the model. The maximum number of 
hydrographs must be defined by this option. If observed hydrographs 
are also to be plotted, the user must define the OBSHYD option, 
described below, in addition to this option.

The generalized format for this option is: 

*DEFINE NHGxx

where: xx is the maximum number of hydrograph plots, xx may have 
the values 10, 20, 30 or 40. If no hydrographs are to 
be produced, xx - 10.

Observed hydrograph plots

The user may choose to enter observed hydrograph data into the 
model. The program will plot the observed values on the same axes as 
the calculated values for the selected nodes. If observed 
hydrographs are to be produced, this option must be defined:

*DEFINE OBSHYD
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Maximum number of list/map output cubes

Data which is read in data input Block 9 defines cubes for which 
list and/or map output is to be produced. This option is used to 
define memory allocated to the arrays which are used to support 
output cubes.

The generalized format for this option is: 

*DEFINE NCUxxx

where: xxx is the maximum number of output cubes, xxx may only
have the value 100. If this option is not selected, 50 
will be the maximum number of output cubes by default.

Maximum number of symbol-value pairs in DATAIN

Program DATAIN allocates memory for storing the user-defined 
symbol-value pairs in data input Block 6. This space is allocated 
only while the data entry overlay is memory-resident. The maximum 
number of symbol-value pairs must be defined with this option.

The generalized format for this option is: 

*DEFINE NSYMxxxx

where: xxxx may have the values 200, 400 or 1000.

Water-table problems in two dimensions

The program allows the use of two different water table options. 
Tf all t,TPtpr table nodes reside in the top layer a two-dimensional 
water-table condition exists. If water table nodes reside in any of 
the model layers a three-dimensional water-table condition exists. 
The three-dimensional condition is the program default. If the user 
wishes to use two-dimensional water-table conditions, then both BOT 
(the bottom elevation of the water table layer) and PERM (the 
hydraulic conductivity of the unconfined cells) are treated as 
two-dimensional variables. Otherwise, they are carried as 
three-dimensional variables.

To select two-dimensional water-table conditions, 

*DEFINE 2DBTPRM
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Unconfined water surface lists and/or maps

If the user is using three-dimensional water-table conditions, 
this option is recommended. If the user defines RIVERS, this option 
is mandatory. When selected, it will allow the printing of lists 
and/or maps of the unconfined water surface. The array WSUR will be 
maintained by the program for this purpose.

To select this option: 

*DEFINE WSUR

Areal recharge to the top layer

The selection of this option will allow the recharge term, QRE, 
to be included in the model.

To select this option: 

*DEFINE RECH

Rivers

If the user intends to use the program's river routing and the 
river leakage to and from the underlying aquifers, this option must 
be selected. When selected, the user must also define WSUR.

To select this option: 

*DEFINE RIVERS

End-of-file record

The last card in the UPDATE control block must be a Cyber 
end-of-file record. The end-of-file format depends on the method 
used to submit this job. If transmitting a card deck from a remote 
job entry terminal, the end-of-file record consists of a record with 
6, 7, 8, and 9 overpunched in card column one. If running 
interactively from a teletype-equivalent terminal, using the Cyber 
EDITOR, the end-of-file consists of the text "*EOF" in column one. 
This record terminates the job.
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APPENDIX II: FLECS - Fortran language with extended 

control structures

FLECS is a structured programming language, based on FORTRAN, 
written by Terry Beyer at the University of Oregon. The control 
structures available when using the FLECS pre-processor are 
illustrated in figure II-l, excerpted from the FLECS User's Manual 
(Beyer, 1975).

APPENDIX III: Input and output for example simulation—

two aquifer, steady-state problem with

discharge wells and surface recharge

This appendix presents an example of the use of the computer code 
to represent two aquifers separated by a confining layer 
(fig. III-l). The example is the same one presented by Trescott 
(1975, appendix IV).

The program used for the examples, in appendixes III, IV, and V 
was compiled with the input deck listed in table III-l. The listings 
in Appendixes VII and VIII were generated by a deck modified to 
reduce cross-references by setting R=0 in line 230.

Both aquifers are 100 feet thick with a hydraulic conductivity of 
O.nni f + /<*f*r. Only vertical flow IQ represented in the confining 
bed. The lower layer is confined (artesian) and the upper layer is 
unconfined (water table). No flow boundaries enclose the modeled 
area and a specified-head boundary runs along one side of the upper 
aquifer. A uniform recharge of 1.0 x 10 ft/sec is applied to the 
surface. There is a discharging well in each of the two aquifers. 
Table III-2 lists the data used for this simulation. A detailed 
description of data input is given in the body of the documentation. 
The printout resulting from this simulation follows table III-2.
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IF (£) S UNLESS (£) 5

CONDITIONAL

(In) 
.FIN

SELECT ( € ) 
. <6) S, 

Si

...FIN

WHEN (£ ) S4 
ELSE Sf_

CARRY-OUT-ACTION

TO CARRY-OUT-ACTIQN S

DO (Z) 5

NOTE: PLACE A RETURN. STOP, OR
CALL EXIT STATEMENT AHEAD 

OF THE FIRST TO STATEMENT,

NOTE: OTHERWISE CAN BE USED AS
A CATCHAU CONDITION OR

EXPRESSION IN CONDITIONAL
AND SELECT STATEMENTS. 

LEGEND: £ • tOCJCAL EXPRESSION

S • STATEMENT(S)
£ - EXPRESSION

Z - DO SPECIFICATION

REPEAT UNTIL ( £ ) 5 REPEAT HH1LE ( £ ) S UNTIL (£) S HHILE (£ ) S

FALSE

Figure 11-1.—Flees Control Structures
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Specified-head 
boundary

Datum'

Adapted from Trescott, 1975

Figure HI-1.--Schematic illustration of two-aquifer, steady-state 

problem with discharge wells and surface recharge.
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Table III-l.—Input-deck to compile the program used in 

Appendixes III, IV, and V

100-WRUH1COMF1 LEANDLOAD,Tl77,10177,P60,ST176,ELA 00.
110«ACCOUNT (OUUOOOO , OOUUUU'JOOO , OOUO)
120-COMMENT.THIS DECK COMPILES A PROGRAM FOR
130-COMMENT.SIMULATING THE EXAMPLE PROBLEMS
1AO«=COMMENT. IN APPENDIXES III,IV, AND V.
150«PURGE(OLDFILE.NMFD3D2020,ID=USGSPOS,PW=*XR,NA = 1,MR=0)
160-RETURN(OLDFILE)
170«ATTACH (OT.DPL ,TIMFD 3DOLDPL , ID«USGS PO S , MR= 1 )
180=UPDATE(Q,D,K,L=A13)
190»RETURN(OLDPL)
200=ATTACH(FLECS,NFLEC,ID=USGSPOS,MR=1)
210=FLECS(COMPILE)
220=RETURN(FLECS,COMPILE)
230=FTN(A,I=FOUT,R=2,OPT=2,PL=1000000)
2AO=RETURN(FOUT)
250«=REQUEST(FD3D ,*PF)
260=RFL(ECS=400)
270=MAP(FULL)
280«=LIBRARY (METALIB)
290«FILE(BAKIN,SBF«NO)
300=FILE(BAKOUT,SBF=NO)
310=FILE(HDUMP,SBF=NO)
320=FILE(OBSFIL,SBF=NO)
330=LDSET(FILES=BAKIN/BAKOUT/HDUMP/OBSFIL)
340=LDSET(PRESET=ZERO)
350=LOAD(LGO)
360«=NOGO.
370=CATALOG(FD3D,NMFD3D2020,1D=USGSPOS,XR = XR ,RP = 999)
380=*EOR
390=*COMPILE SIPMN.ENDMN,SIPCM.ENDCM,SIPIN.ENDIN
400=*DEFINE MF7000
410=*DEFINE 2020
/, 20«=*!> r'FINE PL8000
430=*DEFINE NIT500
AAO=*DEFIME NCHAOO
450=*DEFINE NU100
A60«*DEFINE MODEAOOO
A70=*DEFINE NHG10
480=*DEFINE OBSHYD
A90=*DEFINE NSYM200
500«*DEFINE WSUR
510-=*DEFINE REG II
520«*DEFINE RIVERS
530«*EOR
5AO-*EOF
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Table III-2. — Input deck for simulation of two-aquifer, stnadv-state 

problem with discharge wells and surface recharge

WRUII JKX AMpJ.F. , T77 , 1 377 , rll,200 , S V 1 7f> , Pt>0 .
ACCOUNT (0000000 , 0000000000 , OOOQ)
LIWBAWYCMKVAblH)
ATl'ACMCFn Ji>,NMH> 11)1020, 1 l) = USCiritH)S r MK= 1 )
RFL(KCS=20U)
FD3D.
DlKECTCMt.!'*, , PRINTER)
$EUR
SCONFRUL
$KNO
SINLIST

RCHRG=.TRUE. ,

CLSURF:=.OOI

FACTX=2*1 .0, 
FACTY=2*i.O,

SEND 
HEADER
EXAMPLE in APPt-JOlX III -——--—— PUMPING FHOM TWO AQUIFERS, UPPER AOUJFER 
A FREE SURFACE —————- JAN 1980 
END
SYMBOLS 
HI 100. 
BTH 0. 
TI 0.1 
SO 0.0 
K 0.001
CH -1.0
*• *• .-.• \ ••»<I.-./..*.r, i
rVV.ll .V\'VV*W^VVA

TK .01*000001
2K 2000
2KY 2667
ONE 1
PHI 0
END
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Table III-2.—Input deck for simulation of two-aquifer, steady-state

problem with discharge wells and surface recharge - Concluded

3D INPUT

END
2D INPUT

END
OUTPUT CUIJKS

END
ENDOKCUBt.S 

SNErtPP

1 2 HI
1
2
2

HI TI SI)

BTM K

2 .GKEKCH

I 2 DON LST
1 2 CUBIMUMAP 2K2KYU.ME

TMAX=1.0, «U«T=J, CDl/r=1.0, OELT=24,
C0L=S, LAYE«=1, 0=-1.0,
COL=lb, LAYtK=2, u=-1.0/

$C()R 
SFJOF 
EOF..

SEND 
SEND 
SEND
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APPENDIX IV: Input and selected output for example simulation: 

two-aquifer problem with a limited-source boundary 

to represent a stream

This appendix presents an example of the use of the computer 
code to represent a stream whose discharge is small relative to the 
intended stress. As in Appendix III, two aquifers are separated by a 
confining layer (fig. IV-1). The specified-head boundary along one 
side may represent a major stream whose discharge is large relative 
to the intended stress.

The minor stream is represented with three reaches (fig. IV-1).
J /Reaches 1 and 2 are tributary to reach 3. Reaph 1 carries 3 ft /s 

into the modeled area. Reach 2 carries 2 ft /s into the modeled 
area. Reaches 1 and 2 discharge into reach 3 which in turn 
discharges into the major stream.

The card deck used to simulate a steady-state condition is shown 
in table IV-1. Multiple time steps are required because of the 
explicit treatment of head-dependent source/sink boundaries. The 
simulated steady-state condition is shown in the selected output 
following table IV-1.

The second stage of the simulation imposes a stress on this 
steady-state condition. The input deck for the second stage is shown 
in table IV-2. The stress consists of three .wells withdrawing water 
from the aquifers and the diversion of 2 ft /s from reach 1. The 
response to the stress is shown by selected output following 
table IV-2.
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River reach 3

Speci fied-head 
boundary

/
Datum

Adapted from Trescott, 1975

Figure EE-1.--Schematic illustration of two-aquifer problem with a 

head-dependent source/sink boundary defined to 

represent a stream.
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Table IV-1.—Input deck for steady-state stage of two-aquifer 

problem with a head-dependent source/sink 

boundary defined to represent a stream

WRUH4STEAl)YSTATr:,T177 f 11)77 , EI.700 , SI 1 7b , PbO .
ACCOUNT (UUUOOOO , OOOOOOOUUUU , UOOO)
COrtMENT.THLS i>ECK SIMULATES J'HK STEADY-iiTATE CONDITION
COMMON f.KUK THl-J EXAMPLE I ?l APPENDIX IV.
LIURAKYC METAL Hi)
ATTACIKKU jD,;<nn>302020, I I) = USGSPOS , MK = 1 )

FILtXUAKiN, S

FD30.
DIKECrCMfi'A, , PKIN TEH)

= USGSPUS
SEOK
SCONTKUL 
PHlSET=.TKUE. f

SEND 
BAKJN 
S1NLIST

BAKOUT *PF

NCOL=20 /

MODi>R=100,

ITMAX=1UO, 
CLSURK=1 .0,

100,

SY(2)=U.lb r

NA'Jl)=3, 3/0, 
1 .0, 
l3, 1«0, I7b, 170, Ibb, Ibd

nb, JS4, 1^0, l'»b, 110, 
13S, 13n, 12S, 120, lli>, HO, 10S, 

IMOX= B,l^, '.1,1'Jf l'J,17, U,lo, 12, IS, 1/M'l, 
1 y,l 2 , 1 H , 1 2 , 17,12, J «» , 1 2 , 1 b , 1 1 , 11,10, 
I* , V , 13, H , 13, 7 , 12, b , 12, t> , 11, '\ ,

. . « ISb, IbO, Mb, 140,

,13, 13,12, 13,11, 13,10, 

, 3 ,

SEND
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Table IV-1. — Input deck for steady-state sta^e of two-aquifer 

problem with a head-dependent source/sink 

boundary defined to represent a stream - Continued

HKADKK
* * * *
BOUNDARY

END
SYMUULS
ZIP
H02
HO 3
H04
H05
riOb
HO 7
HOB

H10
Htl
H12
H13
HI 4
Hlb
Hlb
HI 7
H1B
H19
TI
SO
BT2
K
CH
TK
END

tXAMIM.fi KUK
UtiFlNr.D fU

0
100
105
110
lib
120
12S
130

UO
I4b
J50
1SS
160
IbS
170
17S
IbO
Itib
0.1
0.0001
90
0.001
-1.0
.00000001

APPKNBIX IV * + * * TWU-AOUIKER PRJbljtiM rtlTH HKAD-OKPtNOGNT 
hMf A SfKtuAM * * * *
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Table IV-1.—Input deck for steady-state stage of two-aquifer 

problem with a head-dependent source/sink

3D INPUT

END
OUTPUT CUrtES

1
END
ENOOFCU6ILS 

SNEWPP KP=1, 
$N£WRltf SEND

SEOR
SEOF

boundary defined to represent a stream - Concluded

2
3
4
5
t>
7
8
9

10
11
12
13
14
15
16
17
18
19

2

H02
HU3
H01
HQS
H06
H07
HOB
H09
HIO
till
HI 2
Hi 3
H14
HIS
H16
M17
Hlb
H19

12 TI SO
2 H02 CH
2 KBT2

CUrtZIPLAM

NUMT = 200, €01.1=1.0, DELl^bTeOO, SEND
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APPENDIX V: Input and Selected Output for example simulation: 

two-aquifer problem with transient leakage

This a two-aquifer problem (fig. V-l) with transient leakage 
where the upper aquifer has a constant head assigned to it and the 
lower aquifer is pumped at the rate of 0.25 cfs from row 2 column 2. 
The intervening confining bed has storage simulated. (This data deck 
was used to create the curve corresponding to MODE=5 in figure 2.)

192



DISCHARGE (Q) = 4 cfs

Y////////////////S

UPPER AQUIFER

CONFINING BED

HEAD IS CONSTANT

VERTICAL CONDUCTIVITY (K 1 ) = 10 

STORAGE (S 1 ) = 10-3

THICKNESS (b 1 ) = 100 ft

-7 ft

LOWER AQUIFER 

(PRODUCING)

I I
I I
I I
I I
I I
I I

TRANSMISSIVITY (T) = 

STORAGE (S) = 10~4

±tf 
S

Figure ¥-1.--Modeled aquifer system of appendix V.
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COMMENT.THAT OF HANTUSH
COMMENT.
COMMENT.-1.0 CFS AT 2.2.1
COMMENT. 0,67 DAYS

B'-lOO
K'-lE-7
S'-lE-3
T-0.1
S-1E-4

MODE-5

'COMMENT
•COMMENT
•COMMENT
•COMMENT
•COMMENT
•COMMENT
•COMMENT
•COMMENT.
•LIRRARY(METALIB)
•ATTACU(FD3D,NMFD3D2020,ID"USGS-POS,MR«1 )
•RFL(ECS«400) 
'FILE(BAKIN, SBF-NO) 
if 1 1 r fv. *K01'T f cnr««io)
•FILE (HDUMP, SBF-NO)
•LDSET(FILES"BAKIN/BAKOUT/HDUMP)

•DIRECT(META, .PRINTER) 
'*EOR
• $CONTROL 
1 $END
• $INLIST 

NVPN-18,
• NROW-18,
• NCOL-1 8,
• NLAYER-2, 

NPER-1 ,
• MODPR-1, 
. NRHOP-5, 
. ITMAX-100,
• CLSURE-.0001 , 
. DAMP-1 ,

WMAX-. 99863,
FACTX-2M,

• FACTY-2*!,
• EQN4-.TRUE. ,
• TRLEAK-.TRUE. ,
• MODE-5,
•• SS-l.OE-05,
• DELX-2*3 2, 2*6 4, 96, 16 0,2 24, 3 2 0,4 80, 6 4 0,9 60, 1600,2240,3200,4800,6400,9600, 16000, 

DELY-2*32,2*-64,96, 1 60 , 2 24 , 320 , 4 PO , 64 0 , 9 60 , 1 600 , 2240, 32 00 , 4800 , 64 00 , 9600 , 16000,

• $ENI> 
HEADER
*** COMPARE MODELED LEAKAGE WITH THAT OF HANTUSH ***
(2 LAYERS, LOWER ONE PUMPED, UPPER QUIET) MODE-5
END
SYMBOLS
ZO
T 
S
RAT 
'ZCB 
CH 
VRT 
HZN 
'END 
3D INPUT

0 
.1
l.OE-04
l.OE-07
1 CO
-1
5
2

ZO 
ZO

ZO T 
ZO

S 
CH

ZCBRAT

•END
•2D INPUT
•END
•OUTPUT CUBES

• 2 2 'I
• END
•ENDOFCUBES
• $NEWPP KP-1 ,
• $NEWELL ROW-2,
• SNEWELL ROW-0,
•*EOR
•*EOR
•*EOF

DON LST 
HYDVRTLOGHZN

TMAX-1, 
COL-2, 
SEND

. NtIMT-14, CDLT-1.5, DELT- • 0 1 8 5 1 852 , 
LAYER-1, Q--1.0, SEND

$END
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APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN

10

15

20

25

30

35

40

45

55

GVERLAY(FDJD,0,0)
PROGKAM NMFD3D
HINPUT,OUTPUT,HAi\lN,BAKOUT,MET A,HDUHP,MASS1,MASS2,TAPE 1 = H DUMP, 
20»SFlL,lAPK3U=UbSFIL,
21 APE? = META, rAPK3 = bAMN,TAPE4 = BAKOUI,TAPE5 = INPUT,TAPEfa = OUrPUT, 
3TAPE21=MA3S1,1APE22=MASS2) •

FINITE DIFFERENCE MODEL FOR SIMULATION OF GROUND-WATER FLOW IN 
THREE DIMENSIONS.

IBM-370 VERSION BY P. TRESCUTT, S. LARSON, 1975.
(DOCUMENTATION AVAILABLE: USGS OPEN FILE REPORTS 75-438, /6-t>91.)

DESIGN MODIFICATIONS TO THE INPUT AND OUTPUT STRUCTURE OF THE 
TWO DIMENSION FINITE DlFFEKfNCE PROGRAM (P1NDER AND TRESCOTT 1975) 
aERE MADE DURING THE PERIOD 1974-1970. FURTHER CHANGES rfERE 
INCORPORATED IN THE 3D CJUE DURING THE PERIOD 1975-1979. THE 
DATA PROCESSING SCHEMES (RESTART, LAYER SWAPPING, I/O) WERE 
COMPLETELY REWRITTEN.

THE "FLECS" CONVERSION WAS WRITTEN DURING THE PERIOD 1977-1979 
TO TAKE ADVANTAGE OF "FLECS" STRUCTURED PROGRAMMING CONCEPTS.

INSPIRATION FOR MANY IMPROVEMENTS CAME DIRECTLY FROM THE "HULL" 
CODE, WRITTEN BY CAPT. DAN MAl'JSKA, CAP1 . DICK OURRETT AND OTHERS 
AT THE AIK FORCE WEAPONS LABORATORY, KIRTLAND AFB, NEW MEXICO. 
THEY ARE NO! RESPONSIBLE FOR ANY ABERRATIONS OR ERRORS INTRODUCED 
INTO THEIR CLEVi.R TECHNlUUES BY THE AUTHORS.

CDC-6600 VERSION HY G. HEARNE, D. POSSON AND P. TRESCOTT, 1976. 
CDC-7bOO VERSION B¥ a. PUSSON, G. HEARNE, 1977. 
CYBER-176 VERSION riY D. POSSON, G. Hf.ARNE, 1978.
CYttER-17b LEAKAGE VERSION BY D. POSSON, J. TRACY, G. HEARNE AND 

P. FRENZEL, 1978.

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2,HXA,HXB,HXC 
COMMON/LCMA/HXA(8000) 
COMMON/LCMB/HXBC8000) . 
COMMON/LCMC/HXCC8000)

*CALL ALL COMMON BLOCK COMDECKS

DUMMY COMMON BLOCKS IN LEVEL 1 (SCM) AND LEVEL 2 (LCH).
THESE BLOCKS MUST APPEAR IMMEDIATELY AFTER /LCMC/ IN MAIN PROGRAM,
AND i-'iuST PXECEUC ALL CT::z:: EC". .".'!? LC 1* COMMO** "LOCKS,

LEVEL 2,FRSTDM2 
COMMON/FRSTL1C/FRSTDM1 
COMMON/FKSTL2C/FRSTDM2

GLOBAL PARAMETERS

00001
00002
00003
00004
00005 
OOOOb
00007
00008
00009
00010
00011 
UOU12
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037 
0003B
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049 
nnnsO
00051
00052
00053
00054
00055
00056
00057

520



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

60

65

70

75

80

85

95

100

105

110

INTEGER SCMFL,TOr>AY,fc.RKLAG,FINLTS
LOGICAL TKACH;,USELCM,USfc:KMS,USEl3IO,MFbOOO,MF7000
COH«ON/GLriPHr</CLSUKt;,e;RFLAG,KiNLTS,LCMKL,SCMFL,VERBIG
COMMON/VUFKS1/LCPH1,LC«EL,LCSTK,LCT,LCS,LCTR,LCTC,LCTK,LCEL,

ILCFL,LCGL,LCV,LCX1,
2LCBUT,LCPEKM,
3LCTb,LCTLK,LCSL,LCZCB,LCKATE,
4 NVPN, NNPK , NNPC,N NHL, NNAL,NrtPk,NWPC,N«PL,N*AL, TRACE, TODAY 

CO«MON/MFSlZE/USt-;LCM,USERMS,USEBlU,MK6000,MF7000,NWDLCM,
1LCMPTKC150)

LOOP, ROW, COLUMN, LAYER POINTERS 

COMMON/LOOPS/I, J,K,IO, JO,KO,II,J1 ,K1,I2,J2,K2 

TIME RELATED SCALARS

COMMON /TSCAL/CDLT,DELT,DELTM1 , DAYS, DA YSP,HRS,SMIN, SUM, SUMP, TMAX, 
1YRS,YRSP

ITERATION AND TIME PARAMETERS

LOGICAL LlTSiP,LITPIS,MriALPR,CNVRG
COMMON / 1 TP ARM / K P,KT,1T,N PER, NUMT.HODPR, MB ALPK, ITM AX , ITMX 1 , NRHOP , 

1KHOP(20),WMAX,CNVKG,ITTS(200),DAMP,L1TSIP,LITPIS

OPTION DEFINITIONS

LOGICAL wrABLE,RCHKG,TRLEAK,EOM3,F.QN4 
COMMON/UPTDEF/brABLE,rRL£AK,RCHRG,F.Qtf3,EQN4

HEADINGS

INTEGER HEADNG,VNAM£ 
COMMON/HDG/HEADNG(14),VNAME(25)

I/O POINTERS

LOGICAL LOGRDA,LOGRDB
INTEGER LFNC2) , LOG ( 2 ) , LFB( 2 } , LOP( 2 ) , NBL ( 2 ) , NXT( 2)
COMMON/IOPTK/LFNA,LFNli,LOGRL)A,LOGRDB,LFNTBR,LFNTB»*,LFBOFA,LFBOFB, 
lLOPA,LOPB,KBLPA,NBLPb,NXTA,NXTB
EOUlVALENCh;(LFr«,LFNA) ,(LOG,LOGKDA), (LFB,LFBOFA) , (LOP, LOP A) 
EOUlVALENCh(NbL,NBLPA), (NXT,NXTAD

I/O FILES

INTEGER H DUMP, BAKIrt,BAK OUT, PRFILE,OBSFIL
MP.M^TA "RKiN.KiKOijT.lNFILE.PRFILE.OBSFIL

RECORD MANAGER FILE POINTERS

INTEGER TKF1T/TRBUF
COMMON /TKF1LE/TRF1T( 35) ,TRBUF(1000)

MASS STORAGE FILE POINTERS

00058
00059
00060
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081
00082
00083
00084
00085
00086
00087
00088
00089
00090
00091
00092
00093
00094
00095
00096
00097
00098
00099
00100
00101
00102
00103
00104
00105
00106
00107
00108
00109
00110
00111
00112
00113
00114

521



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

115

120

12b

130

135

140

145

150

155

160

165

170

COMMON/MSF1LE/MSKIT(35),KMSBUF(1000)
COMMON/MSDUFR/F1RSKM,LASl'RM,HXFER,SCMBUF(2000)
INTEGER FIKSRM

RESTART POINTERS

LOGICAL SELRF.S,RESrRT,RSKrPP,RSRTTS,RSRTIT 
INTEGER OUTVSN
COMMON/KSfPTR/SELRES,RESfRT,RSRTPP,RSRTTS,RSRTIT,lNVSN(2), 
10UTVSNC2)

LISTING/DUMP POINTERS.

LOGICAL DMPlT,DMPrS,DMPPP,DMPVAR,PHIDMP 
1,DMPRIV 
COMMON/DMPPIR/DMPIT,OHPTS,DMPPP,DMPVAR,PHIDMP
1.DMPRIV

GRID SIZES

LEVEL 2,Dt:LX,DKLY,DELZ,Dt:LXI,DELYl,DELZI,FACTX,FACTY,FACrZ 
COMMON/DKL,XY2/DELX(150) ,DELYC 1 bO ) , DELZ ( 1 50 ) , DELXI ( 1 SO) , DELYH150), 
!DELZI(lbO),FACTX(150),FACTY(150),FACTZC150)

MASS BALANCE RATES

COMMON/CKKATE/CFLUX,CFLXCH,CHD1,CHD2,ETFLUX,FLUX,FLUXS,FLXN,FLXP, 
lPUMP,PUSHCH,ORt.FLX,STOR.SUMR,SUMl,SUM2
2.FLXR,FLXRM,FLXRP

MASS BALANCE VOLUMETRIC TOTALS

COMMON/CKVOLT/CFLUXT,CFXCHT,CHDT,CHST,ETFLXT,FLUXT,FLXNT,FLXPT, 
1PMPCHT,PUMPT,UKET,STORT
2.FLXkf«T,FLXRPT
3.TOTL1,TOTL2

MASS BALANCE - OTHER ARRAYS AND VARIABLES 

COMMON/CKARKY/UPFLOrfU00),FRMCLAY(100) 

SPECIFIC HELD AND SPECIFIC STORAGE

LEVEL 2,SY,SS
COMMON/SYSS/SY(150),SS( 150)

COMPUTATIONAL INTERMEDIATE SCALARS 

COMMON/CISCAL/B,D,F,H,RriD,RH01,RH02,RHD3,SU , Z 

MAXIMUM HEAD CHANGE POINTERS

INTEGER BJGI,B1GJ,BIGK
LEVEL 2,HIG1,BIGJ,BIGK,DLHDMX
COMMON/HIG1/BIG,BIGT,«
COMMON/BIli2/BH;l(b'oi),BIGJ(501),BIGK(501) > DLHDMX(501)

00115
00116
00117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127 
0012B
00129
00130
00131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
00150
00151
00152
00153
00154
00155
00156
00157
00158
00159
00160
00161
00162
00163 
nni 64
00165
00166
00167
00168
00169
00170
00171
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APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

175

180

IBS

190

19b

200

20b

210

215

220

225

SPECIF1ED-HEAO DATA

LEVEL 2 ,CHFLOW,FLKAK,IJKFLO 
CD*MON/CHOATl/NCH,NCriAVA,NOVCH,KTRFLD 
CDMMON/CHUAT2/CHKLUrt( 400),FL£AK( 400),IJKFLO( 400,3)

LIST/MAP CUBES

INTEGER LOKi«,CUBDEF
LEVEL 2,ICUbEG.iCUEuD,JCUBEG,JCUEND,KCUBEG,KCUEND,LORM,XFPI,YFPI, 
1CUHUEF,COUIHT,HASKV.PLCHAR
COMMON/CUbKSl/MCUBES,NPCH
COM«OU/CUribS2/lCUHEG(bO) ,ICU?ND(50),JCUBf;(;(50),JCUEND(50), 
!KCUBr:G(bO) .KCUE*Dl50),LOKM(50),XKPI(50),YFPI(50),CUBDEFC50) , 
2CDNirjT(50),BASLV(bO),PLCHAk(4,20)

rtYDROGRAPHS

LEVEL 2,lHYD,JHYD,KHYD,THYD,CONHYD,SCAHYD,HYD,HINIT,TINir

COMMON/HYG2/IH*U(10),JHYD(10),KHYD(10),THYD(100),CONHYD(10) , 
ISCAHYD(IO),riYU(10,100),HINlT(10),TINIT

OBSEHVF.D HYDROGRAPH DATA

LEVEL 2,1HYDOB,NPTOB,JHYDOB,KHYDOB,THYDDB,HYDDB 
COMKON/HYGUB1/NHGOB
COKMON/h)rGU&2/lHYl)OB(10) , JHYDDB( 10) ,KHYDOB( 10),THY 008(10,100). 

1HYUOB(10,100),NPTOB(10)

PtHPING DATA

LEVEL 2,1«, Jrt,K*,LDCWN,WELVAL 
LOGICAL WELZRD

COMMON/Pf POT2/1«( 100),JW(100),K*i(100) ,LOCwN(100) ,WELVAL( 100) 
COMHON/K1VKXNK,NRU,NT01,NAOU(20),NKC(20),OS(20),RU(20),KFLOW(200), 
10HAX(200),RFLU«(200),RIVER(200),TU(200),VK(200),IMDX(2,200),OR

2D BOTTOM AND PERMEABILITY 

COMMON/BOfPRM/BOTTOM(1,1),PERM(1,1) 

RECHARGE

LEVEL 2,ORE 
CDMMON/RLCH/QRE( 20, 20)

WATER SURFACE

LEVEL 2,WSUR 
COM*UN/WSUKF/rfSUR( 20, 20)

RIVERS

LEVEL 2,QiU
COMMON/RIVK2/URA( 20, 20)

00172
00173
00174
00175
00176
00177
00178
00179
00190
00181
00182
00183
00184
00185
00186
00187
00188
00189
00190
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
00208 
0020V
00210
00211
00212
00213
00214 
0021b
00216
00217 
0021b
00219
00220
00221
00222
00223
00224
00225 
0022b
00227
00228
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230

235

240

245

250

255

260

265

270

275

260

285

1000

RECORD MANAGER BUFFERS FOR LEAKAGE. FROM CONFINING BEDS

LEVEL 2,RMA,RMB
COMMON /TRArtYl /MODE
COMMON /1RARY/RMA(4000),RMB(4000)

DUMMY COMMON BLOCKS IN LEVEL 1 (SCM) AND LEVEL 2 (LCM).
THESE BLOCKS MUST APPEAK IMMEDIATELY BEFORE /L3STOR/ IN MAIN
PROGRAM AND MUST KJLLOW ALL OTHER SCM AND LCM COMMON BLOCKS.

LEVEL 2.LASTDM2
CDHMON/LASTL1C/LASTDM1
COMMON/ LASTL2C/LASTDM 2

DEFINITION OF LCM LEVEL3 VARIABLES. THIS MUST FOLLOrt ALL LEVEL2.

LEVEL3.STRLCM
COMMON/ L3STOR/STRLCM(1)

LEVEL3,LASTDM3
CDMMDN/LASTLC3/LASTOM3
END OF LEVEL3 DEFINITIONS

SUPPRESS PAGE EJECT

PRINT 1000
FORMAf{"U")

INITIALIZE META PLOT FILE

CALL PLOTS(100.,0,META)

GET CURRENT LCM, SCM FIELD LENGTHS

LCMFL=MEM(1,0)
SCMFL=MEM(0,0)

LOAD DATA1N OVERLAY TO INITIALIZE AND/OR RESTART PROBLEM

CALL OVERLAY ("FD30", 1,0, "RECALL")

LOAD COMPUTATIONAL OVERLAY AND EXECUTE
LOGIC WOULD HE JNCLUDED HERE IF COMPUTATIONAL SCHEMES OTHER THAN

t>lV li>lKUHl,L.Y jLMfLillll rKUl.t.UUKr,J WfcKt fU Bt U&tD.

CALL OVERLAY ("F03D", 2,0, "RECALL")

PRINT HYDROGKAPHS, IF REQUESTED

00229
00230
00231
00232
00233
00234
00235
00236
00237
00238
00239
00240
00241
00242
00243
00244
00245
00246
00247
00248
00249
00250
00251
00252
00253 
00254
00255
00256
00257
00258
00259
00260
00261
00262
00263
00264
00265
00266
00267
00268
00269 
00270
00271
00272
00273
00274
00275 
00276
00277
00278
00279
002BO
00281
00282
00283 
00284
00285
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C 00286
IF(NHGRAF.GT.O)CALL HYDROG 00287

C 00288
C TERMINATE META PLOT FILE 00289

290 C 00290
CALL PLOT(0,0,40) 00291

C 00292
C CLOSE KM FILES IF USED 00293
C 00294

295 IF(TRLEAK)CALL RHCLOS(TRFIT) 00295
1F(USEKMS}CALL Kr.CLGSC MSFII) 00296

C 00297
C CUMPUTATIONS COMPLETE -- NDKMAL TERMINATION 00298
C 00299

300 STOP "NORMAL" 00300
END 00301
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SUBHOUTINL FORCIO 00302
C 00303
C THIS ROUTINE IS NEVER CALLED. 00304
C IT EXISTS SOLEL* TO FORCE CERTAIN I/O ROUTINES INTO THE MAIN 00305
C OVERLA*. 00306
C 00307

CALL XUNLOADC3) 00308
RETURN 00309
END 00310
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10

15

20

25

30

40

45

50

SUBROUTINE BUFHKT(FIRST,LAST,FIRST2,LAST2,LL)

DUMP "SNAPSHOT 11 OF ALL COMMON BLOCKS TO BAKOUT. WHEN ENTRY POINT 
"BUFHK1" IS CALLED, HEAD "SNAPSHOT" OF ALL COMMON BLOCKS IN FROM 
BAKIN.

FIRST FIRST *ORD ADDRESS IN SCM.
LAST LAST V«OKD ADDRESS IN SCM.
F1RST2 FIRST *OKD ADDRESS IN LCM.
LAST2 LAST wOND ADDRESS IN LCM.
LL = 0 HFAij/wP T i »• RCM.
LL = 1 READ/WRITE LCM.

GLOBAL PARAMETERS

INTEGER SCM FL, TODAY, ERF LAG, FINLTS
LOGICAL TRACK. , US r: LCM, USERMS,USEblO,MF6000,MF7000
COMMON /GLBPHM/CL,SUK£,EKKLAG,FHLTi>, LCM FL,SCMFL,VERBIG
COMMON /V OFF ST/LCPriI,LC* EL, LCSIK,LCT,LCS,LCTR,LCTC,LCTK,LCEL,

1LCFL,LCGL,LCV,LCXI,
2LCBOT,LCPERK,
3LCTL,LCTl,K,LCSL,LCZCB,LCRATE,

9999H 
99999

1000
99997

COMMON /MF SiZE/USt.LCM,USEHMS,USEB10,MF6000, MF7000,NWDLCM, 
ILCMPTR(ISO)

1/0 FILtS

INTEGER HDUMP,BAKlN,bAKOUT,PRFILE,OBSFIL
COMMON /I Or 1 LE/HDUMP , MET A , BAK1 W , B AKOUT , INFI LE, PRFILE, OBSFIL

I/O POINTERS

LOGICAL LOGRDA,LOGRDB
INTEGKK LFN(2) ,LOG(2) , LFB ( 2 ) , LOP( 2 ) , NBL ( 2 ) , NXT( 2)
COMMOM/10PTK/L,FNA,LtNB,LUGHDA,LUGkDB,LFNTBR,LFNTB* f LFBOF A , LFBOFB , 
!LOPA,LDPB,NBLHA,NBL,PB,NXTA,NXrB
EQUIVALENCE(LFN.LFNA) , (LJG.LOGKDA) , (LFB.LFBUFA) , CLOP, LOP A) 
EOUIVALtNCK(NBL,NHLPA) ,(NXr,NXIA) 
LEVEL 2,HHST2,LAST2 
INTEGER FIKST 
1F(TKACE)CALL PKENT ( " BUFBKT" )

DUMP "SNAPSHOT" OUT TO BAKOUT.

«AIT=UNIT(BAKOUT)
1F( .NOT.(LL.EO.O) ) GO TO 99998
hUFFEK OUK bAKUUT, 1) (FIRST, LAS!)
GO TO 99999
BUFFER UUTCbAKOUT, 1 ) ( F 1RST2 , LAST2 )
JF( .NOT. (TKACE) ) GO TO 99997
WR] rECPRFILbl, 1000)HAKOUT,"IS BUFFERED OUT TO."
FORM AT ( 1X,"TAPE",14,1X,3A10)
»'A1T = U
KETURN

00311
00312
00313
00314
00315
00316
00317
00318
00319
00320
00321
00322
00323
00324
00325
00326
00327
00328
00329
00330
00331
00332
00333
00334
00335
00336
00337
00338
00339
00340
00341
00342
00343
00344
00345
00346
00347
00348
00349
00350
00351
00352
00353
00354
00355
00356
00357
00358
00359
00360
00362
00364
00365
00366 
0036H
00369
00370
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ENTRY BUFBKI, TO READ "SNAPSHOT" FROM BAKIN

60

65

70

EHTKY BUFBKI
lFCTKACt:)CALL PKENT (" BUFBKI ")
*AJT=UNlT(bAKlN)
1F(.NOT.(LL.KU.O)) GO TO 99995
BUFFKrt 1N(BAK1N,1)(FIRST,LAST)
GO TO 9999b

9999b BUFFER 1N(HAKIN , 1 ) (FlUST2,LAST2) 
9999b JF( .NOT.(TKACE)) GO TO 99994

«K1TF.(PRF1LE, 1000)BAK1N, "IS BUFFERED IN FROM." 
99994 WAIT=UNITCBAK1N)

RETURN
END

00371
00372
00373
00374
00375
00376
00377
00378
00380
00382
00383
00385
00386
00387
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15

20

25

30

35

40

4b

50

55

SUBROUTINE BUFKOF( FIl.ENO) 

WRITE ENDFILE ON F1LENO

I/O FILES

INTEGER HDUMP,BAKIN,BAKOUT,PRF1LE,OBSFIL 
COMML)N/10FILE/HUUMP,META,BAKlN r BAKUUT,INFILE, PRFILE , OBSFIL

I/O POINTERS

LOGICAL LOGRDA.LOGRDB
INTEGER LFN(2),LOG(2) , LFB ( 2 ) , LOP C 2 ) , NBL C 2 ) , NXT ( 2 )
COMHOU/1UPTR/LFNA,LFNB,LJGRDA,LOGRDB,LFNTBR,LFNTBW,LFBQFA,LFBOFB, 
lLOPA,LUHB,NBLPA,NBLPb,NATA,NXrB
EUUiVALENCE(LKN,LFHA) , ( LOG, LOGRDA ) , ( LFB , LFBOFA ) , (LOP, LOP A) 
£QUlVALEMCk.(NBL,NbLPA) , (NXT,NXTA)

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,ERFLAG,FINLTS
LOGICAL TRACK, USELCM, US EKMS,USEBIO,hF6 000, MF7000 
COHMDN/GL»PKM/CLSJKh;,eKFLAG,FlNLTS,LCMFL,SC«FL,VER6IG 
COWMUN/VUFl-ST/LCPhi,LCWe:L,LCSTK,LCr,LCS,LCTR,LCTC,LCTK,LCEL, 
1LCKL,LCGL,LCV,LCXI,

3LCTL,LCTLK,LCSL,LCZCrt,LCRATE,

1000
99997

99995
99996 
C 
C 
C

COMHOrt /MeSlZE/USELCM, USEkMS,USEbIO,MF6000,MF7 000, NrfDLCM, 
iLCMPTR(lbO) 
INTEGER KILENO 
«R1TE EOF, IF DEVICE IS ACTIVE, AND RESET I/O POINTERS

1F(.NOT.(USELCM» GO TO 99998 

LEVEL 2/3 USED - NO EOF POSSIBLE

LOP(1)=2
NXT(1}=0
IF(. NOT. (TRACE)) GO TO 99997
«RITE(PRFILE,1000)"LEVKL 3 EOF - NO OPERATION."
FOKHAT(1X,13A10)
GO TO 9V999
IF( .NOT.(USERMS)) GO TO 99996

RANDOM I/O USED - NO EOF POSSIBLE

LOP(1)=2
NXT(1)=0
IF(. NOT. ( TRACE)) GO TO 99995
WKlTE(PkFlLE, 100y) M RANDOM FILE I/O EOF - NO OPERATION."
GO TO P9999
IF(.NUT.CUSEBIO)) GO TO 99994

BUFFERED I/O (DISK OR TAPE FILES)

00388
00389
00390
00391
00392
00393
00394 
003?5
00396
00397
00398
00399
00400
00401
00402
00403
00404
00405
00406
00407
00408
00409
00410
00411
00412
00413
00414
00415
00416
00417
00418
00419
00420
00421
00423
00424
00425
00426
00427
00428
00429
00430
00431
00434
00434
00435
00436
00437
00438
00439
00440
00441
00444
00444
00445
00446
00447
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60

65

70

IF(.NOT.(FILENO.EQ.L,FNA)) GO TO 99992 
ISUB=1 
GO TO 99993 

9999^ ISUB=2
9999.J *AIT = UNIT(F1LENO) 

ENDFILE FILENO
LOH(ISUB)=2
NXTUSUB)=0 '
IF( .NOT. (TRACE)) GO TO 99991
«RITE(PKF1LE,1001)FII,ENO,LFB,LOP,NBL,NXT,LFNTBR,LFNTBW 

1001 KOKMAT(1A,"EOK WKJLTTKN ON FILE", 14." LFH = ",216," LOP=".2I6
1" NBL=",21b," NXT=",21b," LFNTBR=" , 16 , " LFNTBW= ",I6) 

99491 «A1T=UN1T(F1LENO) . 
99994 CONTINUE 
99999 RETURN

END

00448
00448
00448
00449
00450
00451
00452
00453
00454
00455
00456
00457
00459
00461
00462
00463
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15

20

25

30

35

40

SUBROUTINE BUFIN(HXLCM,HXNA*E,NOUT,NLEV)

MOVE ALL DATA FOR LAYER NLEV FROM MASS-STORAGE DEVICE TO LCM ARRAY 
HXLCH. NOUT IS NUMBER OF WORDS TRANSFERRED.

1/0 FILES

INTEGER HDUMP,KAKIN,RAKOJT,P«FILE,OBSFIL 
COMMON/10F1LE/HDUMP,META,BAMN,BAKOUT,INF1LE,PRFILE,OBSFIL

I/O POINTERS

LOGICAL LOGRDA,LOGRDB
INTEGER LFN(2),LOG(2),LFB(2),LOPC2),NBL(2),NXT(2)
COMMOM/lOkTK/bFNA/LFNbfLOGRDA.LOGRDBjLFNTHRfLFNTBWjLFBOFA,LFBOFB, 
1LOPA,LOPH,NBLPA,NHLPB,NXTA,NXTB
LaUIVALKMCE(LFN,LFf»A) , (LOG,LOGHDA) , (LFB,LFBOFA) ,(LOP,LOPA) 
EUUIVALENCE(NBL,NBLPA), (NXT,NXTA)

MASS STORAGE FILE POINTERS

COKrtON/MSFlLE/MSFIT(35),RMSBUF(1000)
COMMON /Mi>flUFK /F1RSRM, L ASTKM , NXFER , SCMBUFC 2000)
INTEGER flRSRM

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,ERFLAG,FINLTS
LOGICAL lRACb:,USELCM,USERMS,USEF*IO,MF6000,MF7000
COMMON/GLBPKM/CLSUREjEKFLAG.FI^LTSrLCHFL^CMFL.VERBIG
COMMON/VuFhST/LCPHI,LChEL,LCSTR,LCT,LCS,LCTR,LCTC,LCTK,LCEL,
ll,CKL,LCGL,LCV,LCXI,
2LCHOT,LCPERH,
3LCTL,LCTLK,LCSL,LCZCB,LCRATE,
4NVPN,NNPR,NNPC,NNPL,NNAL,N«P«,NwPC,N»<PL,NWAL,TRACE,TODAy 
COM«ON/MFSI^b/USLLCM,USER«S,USe:BIO,MF6000 r KF7000,NWDLCM,

ILCMPTRUbO)

LOOP, ROW, COLUMN, LAYER POINTERS

COMMDN/LOOPS/I,J,K,IO,JO,Ko,Il,Jl,Ki,J2,J2,K2

DEFINITION OF LCM LEVEL3 VARIABLES. THIS MUST FOLLOW ALL LEVEL2.

LEVEL3,STRLCM <• -,, I, »

00464
00465
00466
00467
00468
00469
00470
00471
00472
00473
00474
00475
00476
00477
00478
00479
00480
00481
00462
00483
00484
00485
00486
00487
00488
00489
00490
00491
00492
00493
00494
00495
00496
00497
00498
00499
00500
00501
00502
00503
00504
00505

0050U 
00509
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LtVEL3,STRLCM 00509
CUMMON/LJSTOR/STKLCMCl) 00510

1000 FOKMAT(lX.TAPt;",I4,lX,3A10) 00366
55 99997 WAIT = UN1T(bAKOUT) 00368

RETURN 00369
C 00370
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60

65

70

ENTRY BUFUKI, TO READ "SNAPSHOT" FROM BAK1N

ENTRY BUFBKI
IF(TKACK)CAL,L PRENTC"BUFBKI")

1F(.NUT.(bL.KQ.O)) GO TO 99995
UUFFER In (HAK1N,1)( FIRST, LAST)
GO TO 99996

99995 BUFFER IN(BAMN,1) ( FI MST2 , LAST2 ) 
9999t> IF( .NOT. ( TRACE) ) GO TO 99994

WRITE(PKFlL,t, 1000)bAMN. M IS BUFFERED IN FROM." 
99994 WAIT=UNIT(BAKIH)

RETURN
END

00371
00372
00373
00374
00375
00376
00377
00378 
00380 
003P2 
003S*
00385
00386
00387
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40

SUBROUTINE BUFEOKFILENO) 

WRITE KNDFILE ON FILENO

I/O FILES

INTEGER HDUMP,BAK1N,BAKOUT,PRFILE,OBSFIL 
COMMON/IOFlLK/HDUMP,META,bAKIN,BAKOUr,INFILE,PRFILE,OBSFIL

I/O POINTEHS

LOGICAL LOGRL>A,Lf)GkDB
INTEGER LFNC2),LnG(2) . LFBC 2 ) , LOP( 2) , Nbb( 2) , NXT( 2)
COMMUN/IOPTR/LKNA,LFNB,l,OGRDA,LOGRnB,LFNTBR,LFNrBW,LFBOFA,LFBOFB, 
1LOPA,LOPB,NHLPA, HttLPB,NXTA,NXT8
KOUIVALbNCF:(LFN.lJ K'NA),(LOG,LOGRDA),(LFB,LFBOFA),(LOP,LOPA) 
EaUIVALtNCE(NBL,NBLPA) , (NXT.NXTA)

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,ERFLAG,FINLTS
LOGICAL lRACF:,USEl.CM,USERMS,USEblO,MF6000,MF7000
COMMON /GLriPRM/CLSUKE,tRFLAG,FlNLTS,LCMfrL,SCMFL, VERBIG
COMMON /VOfFST/LCPHl,LCW EL, LCSTR , LCT , LCS , LCTR , LCTC , LCTK , LCEL,
1LCFL,LCGL,LCV,LCX1,
2LCBOT,LCPEUM,
3LCTL,LCTLK,LCSL,LCZCB,LCRATE,
4NVPf*,^NPk,NNPC,NNflJ ,NNAL,NrtPR,^«PC,N»(PL, N W AL , TRACE , TOD AY 
COM*tQrf/KFSlZfc:/USEL.CK,USt:RKS,USfc;biO,MF&000,MF7000,NrfDLCH,

55

1000
99997 
9999H 
C
c
C

9999b 
9999b 
C 
C
c

INTEGER FiLENO
wkllE EOF, IF DEVICE IS ACTIVE, AND RESET I/O POINTERS

IF(.NOT.CUSELCM)) GO TO 99996 

LEVEL 2/3 USED - NO EOF POSSIBLE

LOK1>=2
NXT(1)=0
IF(.NOT.CIRACE)) GO TO 99997
«RITE(PKFILE,1000)"LEVEL 3 EOF - NO OPERATION."
FORMATC1X, 13A10)
GO TO 99999
1F( .NOT.(USEKMS)) GO TO 99996

RANDOM I/O USED - NO EOF POSSIBLE

LOP(1)=2
i>iX7{ i ) -0
1F( .NOT. (TRACE)) GO TO 99995
WKlTtCPKFILE, 1000)"RANDDM FILE I/O EOF - NO OPERATION."
GO TO 99999
IF(.NOT.(USEBIU) ) GO TO 99994

BUFFERED 1/0 (DISK OR TAPE FILES)

00388
00389
00390
00391
00392
00393
00394
00395
00396
00397
00398
00399
00400
00401
00402
00403
00404
00405
00406
00407
00408
00409
00410
00411
00412
00413
00414
00415
00416
00417
00418
00419
00420
00421
00423
00424
00425
00426
00427
00428
00429
00430
00431
00434
00434
00435
00436
00437 
00436 
nn A ta

00440
00441
00444
00444
00445
00446
00447
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65

70

IFC.NOT.CFILENO.EQ.LFNA)) GO TO 99992
ISUB=1
GO TO 99993

99992 ISUB=2
99993 WftIT=UNll(FlLENO)

EM1K1LE FILENO
LDP(ISUB)=2
NXr(ISUb)=0
1F( .NOT. ( rkACE) ) GO TO 99991
KKITE(PKF1LE, 1001)F1LENO,LFB,LDP,NBL,NXT.LFNTBR,LFNTBH 

iftoi FUUMATC 1 * / "•• OP W.PITTI.-M ON c-i t_.v* , J4 . " LFB=",2Ifc," LOP~" , 2 16
1" NrtL=",2I(>," NXT=",2I6," L,FNTBR = ",I6," LFNTBX= ",I6) 

99991 WAIT=UNITCFILENO) 
99994 CONTINUE 
99999 RETURN

END

00448
00448
00448
00449
00450
00451
00452
00453
00454
00455
00456
00457
00459
00461
00462
00463
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SUBROUTINE BUF1N(HXLCM,HXNAME,NOUT, NLEV)

HOVE ALL, DATA FOR LAYER NLEV FROM MASS-STUHAGE DEVICE TO LCM ARRAY 
HXLCM. NOUT IS NUMBER OF WORDS TRANSFERRED.

I/O FILES

INTEGER HDUMP,BAKIN,BAKDUT,PRFILE,DBSFIL 
CONMON/10FILt/HUUrtP,META,BAMN,BAKOUT,iNFILt;,PRFILE,OBSFIL

I/O POINTERS

LOGICAL LOGRDA,LOGRD8
INTEGER LFNm , LOGC2) ,LFH(2) , L3P ( 2 ) , NBLC 2 ) ,NXT(2)
COMMUN/iOnR/LKNA,LKNB,LOGRDA,LOr,RDB,LFNTBR,LFNTB*,LFBOFA,LFBOFB, 
lLOPA,LOPB,N«LPA,NBLPB,HXrA,NXTB 
EOUIVAL^NCf(LF^,LFNA) , (LOG,LOGRDA) , (LFB,LFBOFA) , (LOP, LOP A)

55

MASS STORAGE FILE POINTERS

CDMMON/MSF1LE/MSFIT(35),RMSBUF(1000) 
CDMMUN/-<£;BUi-R/FlRSRM,LA5TRM,NXFER,SCMBUF(2000) 
INTEGER FIRSRM

GLOBAL PARAMETERS

INTEGER SCMt L, TODAY , ERFLAG , F INLTS
LOGICAL TKACL,USe'LCM,USER«S,USKBIO,MF6000,MF7000
CDMMON/GLfaPR*/ CLSURE,LKFUAG,F INLTS, LCMFU,SCMfL,V EH BIG 
COMMON / V OFFS1 / LCPH I, LC « EL, LOST R , LCT , LCS , LCTk , LC TC, LCTK , LCEu,
1LCFL,LCGL,LCV,LCX1,
2LCBOT,LCPERM,
3LCTL,LCTLK,LCSL,LCZCB,LCRATE,
4 NVPN t NNPR,NNPC,NNPL,NNAL,NrtPR,N«PC,NWPL,NWAL, TRACE, TODAY 
CDMHON/MFSIZE/USfc.LCM,USERMS,USEB10,MF6000,MF7000,NWDLCM,
ILCMPTR(ISO)

LOOP, ROW, COLUMN, LAYER POINTERS

COMMON/LOOPS/I, J, K, I 0, JO ,KO, I 1,J1,K 1,1 2, J2,K2

DEFINITION OF LCM LEVEL3 VARIABLES. THIS MUST FOLLOW ALL LEVEL2

LEVELS, STRLCM
COMMON /L3STOR/STRLCM(1)

LEVEL3,LASTDHJ
COMMON /LASTLCJ/LASTDM3
END OF LEVKL3 DEFINITIONS

LEVEL 2, HXLCM 
DIMKfJSION HXLCM(J) 
INTEGER MSGC4) ,HXNAME 
IF(TRACfc-)CALL PRENT C " 8UFI N " )

00464
00465
00466
00467
00466
00469
00470
00471
00472
00473
00474
00475
00476
00477
00478
00479
00480
00461
00462
00483
00464
00465
00486
00487
00488
00489
00490
00491
00492
00493
00494
00495
00496
00497
00496
00499
00500
00501
00502
00503
00504
00505
00506
00507
00508
00509
00510
00511
00512
00513 
wu5 i 4
00515
00516
00517
00518
00519
00520
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60

LRROrt CHECK LAYER NUMBER - MUST BE BETWEEN 1 AND KO INCLUSIVE TO 
INVOKE TRANSFER.

IF(.NOT.(NLEV.LT.l.OR.NLEV.GT.KO)) GO TO 99998
)F(.HOT.(1RACE)) GO TO 99997
wKITEtPKKlLE,10U4)"BUFIN NUT PERFORMED FOR LAVKR",NLEV,HXNAME

70

75

80

85

90

95

100

105

110

1004 
9999V

99998
C
C
C
C
C
C
C

GO TO 99999
IF(.NOT.(USELCM)) GO TO 99995

DATA KKJ>1UEJ> IN L,<-n, bt-Vfcbi.
WHEN NwAL IS .LE. 13J072 (2*M7), DIRECT ADDRESSING MAY BE USED,

AND THE ADDRESS IS STORED IN LCMPTR, THE DATA IN STRLCM. 
ELSE EACH LAYER OF THE MODEL IS STORED IN A SEPARATE ARRAY SUCH

THAT NO COMMON BLOCK EXCEEDS 131072 WORDS.

1F(.NOT.(NrtAL.LE.131072)) GO TO 99993
II=LCMPTR(NLEV)
CALL MOVLEV(STRLCM(II),HXLCM,NWPL)
GO TO 99994 

99993 1F(( 1).NE.(NLEV)) GO TO 99991
CALL MOVLEV(STLC 1,HXLCM,NwPL)
GO TO 99992 

99991 IFU 2) .ME. (NLEV) ) GO TO 99990
CALL MOVbEV(STLC 2,HXLCM,NrfPL)
GO TO 99992 

99990 IFU J).ME.(NLEV)) GO TO 99989
CALL MOVLEVCSTLC 3 , HXLCM , N WPL)
GO TO 99992 

9998V IFU 4) .NE.(NLEV) ) GO TO 99988
CALL MOVLEVCSTLC 4,HXLCM,NwPL)
GO TO 99992 

99988 IFU 5).HE.(NLEV) ) GO TO 99987
CALL MOVLEV(STLC 5,HXLCM,N*PL)
GO TO 99992 

99987 IFU b).NE. (NLt.V) ) GO TO 99986
CALL MOVLEV(STLC 6 , rHXLCM , NWPL)
GO TO 99992 

99986 IFU 7).NE.(NLEV)) GO TO 99985
CALL MOVLEVCS1LC 7,HXLCM,NhPL)
GO TO 99992 

99985 IFU fc).NE. (NLEV) ) GO TO 99984
CALL MOVLEV(STLC 8 , HXLCM,NWPL)
GO TO 99992 

99984 IFU 9).ME.(NLEV)) GO TO 99983
CALL MOVL£V(STLC 9 , HXLCM,NhPL)
GO TO 99992 

999H3 1FU1U) -ME. (NLEV)) GO TO 99982
CALL MUVLEV(STLC10,HXLCM,NWPL)
GO TO 99992 

99982 IF((11).NE.(NLEV)) GO TO 99981
CALL MOVL£V(srLCl1,HXLCM,NriPL)
GO TO 99992 

99981 1FU12) .ME. (NLEV) ) GO TO 99980
CALL MOVLEV(STLC12,HXLCM,I
GO TO 99992

00521
00522
00523
00524
00525
00526
00527
00529
00530.
00533
00534
00535
00536
00537
00538
00539
00540
00541
00542
00543
00544
00547
00547 
0054*
00548
00548
00549
00549
00549
00550
00550
00550
00551
00551
00551
00552
00552
00552
00553
00553
00553
00554
00554
00554
00555
00555
00555
00556
00556
00556
00557
00557
00557
00558
00558
00558
00559

537
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99980

99979

120

125

130

135

140

14b

150

15b

160

165

170

99977 

9997b 

99975 

99974 

99973 

99972 

9*971 

99970 

999b9 

9996ti 

99967 

9996b 

9996b 

99964 

99963 

99962

1FCC13).NE.(NLEV) )
CALL KOVLEV(STLC13
GO TO 99992
IFC (14) .Nb. (NLEV))
CALL MOVLEVCSTLC14
GO TO 99992
IF(Ub).N£.(NLt:V))
CALL MOVLEVCSTLClb
GO TO 99992
1F((16).NE.(HLEV))
CALL MOVLEV(STLC16
GO TO 999V2
1F((17).NE.(NLEV))
CALL MOVLEV(STLrC17
GO TO 99992
IF( (18). N£. (NLKV) )
CALL HOVLEVCSTLC18
GO TO 99y92
1F( ( 19) .NE. (NLKV) )
CALL MOVLEVCSTLC19
GO TO 99992
1F((20).NE.(NLKV))
CALL MOVLt,V(STLC20
GO TO 99992
IF( (21) .NE. CNLKV) )
CALL «OVLbV(STLC21
GO TO 99992
IF((22).N£.(NLKV))
CALL HOVLEVCSTLC22
GO TO 99992

GO TO 99979 
,HXLCM,NWPL)

GO TO 99978 
,HXLCM,NWPL)

GO TO 99977 
,HXLCM,NWPL)

GO TO 99976

CALL MOVI,EV(STLC23 
GO TO 99992 
1F( (24) .NE. (NLKV) ) 
CALL MOVLEV(STLC24 
GO TO 99992 
1F((25).NE.(NLEV)) 
CALL MOVLbV(STLC25 
GO TO 99992 
IF((2fa).ME. (NLEV)) 
CALL MOVL£V(STLC26 
GO TO 9V992 
IF((27).NE.CNLEV)) 
CALL MOVLEVCSTLC27 
GO TO 99992 
IFl (?B) .NE. (NLEV)) 
CALL MOVLEVCSTLC28 
GO TO 99992 
IF( (29). NE. (NLFV) ) 
CALL ". OVLEV(S T i. r 29 
GO 10 99992 
If((30).NK.(NLtV) ) 
CALL MOVLEVCSTLC30 
GO TO 49992 
IFCC31 ) .Nb. (tJLF.V) ) 
CALL MOVI,bV(STLC31 
GO TO 99992

GO TO 99975 
,HXLCM,NWPL)

GO TO 99974 
,HXLCM,NWPL)

GO TO 99973 
,HXLCM,NWPL)

GO TO 99972 
,HXLCM,N*PL)

GO TO 99971 
,HXLCM,NWPL)

GO TO 99970 
,HXLCM,NWPL)

GO TO 99969 
,HXLCM,NWPL)

GO TO 99968

GO TO 99967 
HXLCM,N*PL)

GO TO 99966 
HXLCX,NWPL)

GO TO 99965

GO TO 99964 
HXLCM,N*PL)

GO TO 99963

GO TO 99962 
HXLCM,NWPL)

GO TO 99961 
HXLCM,N«PL)

00559
00559
00560
00560
00560
00561
00561
00561
00562
00562
00562
00563
00563
00563
00564
00564
00564
00565
00565
00565
00566
00566
00566
00567
00567
00567
00568
00568
00568
00569
00569
00569
00570
00570
00570
00571
00571
00571
00572
00572
00572
00573
00573
00573
00574
00574
00574
00575
00575
00575
00576 
0057&
00576
00577
00577
00577
00578

538
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175

180

185

190

195

200

205

210

215

220

225

99961 IF((32).NE.(NLEV)) GO TO 99960
CALL MOVLtV(STLC32,HXLCH,NWPL)
GO TO 9999;! 

99960 lF((33).Ne:.(NLK\n) GO TO 99959
CALL MOVLEV(STLC33,HXLCM,NWPL)
GO TO 99992 

99959 1F((34).NE.CNLfcV)) GO TO 99958
CALL MOVLEV(STLC34,HX,LCM.N«PL)
GO TO 99992 

999bB IF({Jb).NE.(NLKV)) GO TO 99957
CALL MOVLLV(STLC35,HXLCM,NWPL)
CONTINUE999b7 

99992 
99994

CONTINUE
LOP(1)=7
NhL(l)=NLEV
lF(.MOT.(LFb(l).FQ.l)) GO TO 99955
NXT(1)=NLEV+1
GO TO 99956 

9995b NXT(1)=NLEV-1 
99956 MOUT=NWPL

JF(.NOT.(TRACE)) GO TO 99954
"R1TE(PKF1LE,1000)NLEV,HXNAM£,NWPL

1000 FOKMAT(1X, M LCK READ IN10 LAY ER" , I 4 , " ( " , A3 , " ) ' 
1,17)

NUMBER OF «ORDS='

C
c
C
99954 
9999b

DATA RESIDES ON RANDOM FILE

GO TO 99996
1F(.NOT.(USERHS)) GO TO 99953 
IKTKACt)«HITE(PKFlLE,1005)"RMS" r NLEV,HXNAHE 

lOOb KOKMATC1A,"READ M ,A3," FOR LAYER ",14,"(",A3,")") 
II = LCMPTf<U<LEV)
CALL RMGET(MSFIT,II,NWPL,HXLCN) 
LOP(i)=3 
NBL(1)=NL£V 
NOUT=NWPL
IF( .NOT. (LFB( 1) .EQ.l)) GO TO 99951 
NXT(l)--NL.tV + l 
GO TO 99952 
NXT{1)=NLEV-199951 

C 
C 
C
99952
99953

DATA RESIDES ON BUFFER I/O FILE

GO TO 99996
IF(.NOr.(USEBlU)) GO TO 99950
IF{TRACt))«kIT£(PKFILfc:,1005)'t BlO",NLEV,HXNAME
IF(.HOf .(LFNTHR.Eii.LeNA)) GO TO 9994B
1SUB=1
GO TO 99949

99949 WA1T=UNIT(LFNTBR)
bUFFER IN(LFNTBK,1)(HXLCM(1),HXLCM(NWPL)) 

C
C CHECK FILE STATUS - NEC IS READY, ZERO IS EOF, POS IS PARITY ERKOR 
C

WAIT=UNIT(LFNTBK)
IF(.NOT.(«AI1.LT.O.)) GO TO 99946

00578
00578
00579
00579
00579
00580
00580
00590
00581
00581
00581
00582
00583
00584
00585
00586
00587
00588
00590
00592
00593
00594
00595
00596
00599
00600
00601
00602
00602
00603
00604
00605
00606
00607
00608
00609
00610
00610
00610
00611
00613
00614
00615
00616
00616
00617
00618 
00618 
00618 
«G6i9
00620
00621
00622
00623
00624
00625
00627

539
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230

235

240

245

250

25b

260

1001 
9994b

99943
99944
99940

99941
99942

C 
C 
C

NOUT= LENGTH (LFNTBR)
1F( .NOT. (TKACF.) ) GO TO 99945
*RITF.(PKF1LE, 1001 )"SUCCESSFUL BUFIN ON FILE" , LFNTBR , NOUT, NLEV
FUHMAK IX, 3A10," LKMTWk = M ,I4, " NOUT=" , I 7 ,

NBL(ISUd)=NLEV
1F(.KOT.(LFHUSUH).EQ.1)) GO T3 99943
NXT(1SUB)=NLEV+1
GO TO 99944
HXf USUB)=NLEV-1
GO TU 99947
IFC.NOT.CKAIT.EO.O.)) GO TO 99942
NOUT=0
LOP(ISUB)=5
NXT(ISUB}=0
1F{. NUT. (TRACE)) GO TO 99941
WRlTKCt'KKiLE, 1 00 1 ) "END-OF-FI LE DURING BUFIN" , LFNTBR , NOUT, NLEV
GO TU 99947
1F( .NOT. (WAIT. GT.O.)) GO TO 99940
NDUT=0

ABOUT TUB ON PARITY EHROR

ENCODE (30, 1002,*SG)LFNTBR 
1002 KOHMAT("PAKITK ERROR ON BUFIN, TAPE

MSG(4)=0
CALL REMARK(MSG)
CALL RF.MAKK("AbORT JOB FROM BUFIN")
CALL SKIPJU8("BUFIN") 

99940 CONTINUb; 
99947 CONTINUE 
99950 CONTINUE 
99990 CONTINUE 
99999 RETURN

END

>I2)

00628
00629
00630
00631
00633
00634
00635
00635
00635
00636
00618
00638
00639
00640
00641
00642
00643
00646
00646
00647
00648
00649
00650
00651
00652
00653
00654
00655
00656
00656
00660
00660
00661
00662
00663

540
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15

20

30

35

40

45

50

55

SUBROUTINE HUFOUT(HXLCM,HXNAME,NOUT,NLEV)

MOVE ALL DATA FUR LAYER NLEV FRIH LC* ARRAY HXLCM TO MASS-STORAGE 
DEVICE. NOUT IS NUMBER OF WORDS TRANSFERRED.

1/0 FILES

INTEGER HDUMP,bAKlrt,BAKOUT,PRFILK,OBSFIL 
COMMON/IOFILE/HDUMP,META,BAKIN,BAKOUT,INFILE,PRFILE,OBSFIL

1/0 POINTERS

LOGICAL LOGkUA.LOGRUB
INTEGER LFNC2J , LOG(2) , LFb(2) , LUPC2) ,NBL(2),NXT(2>
COyMON/10PrR/L(-NA,L»-Nb,LOGRDA,LOGRDB,LFNTBR,LFNTBN,LFBOFA,LFBOFb,

EQUIVALENCECLFM, LhNA) , (LOG, L3GRDA) , (LFB,LFBOFA) , (LOP, LOP A) 
EaUIVALLNC£(NBL,NbLPA) , (NXT,NXTA)

MASS STORAGE FILE POINTERS

COMMON/MSFILE/MSFlT(3b) ,RMSBUF(1000) 
COMMON/MSBUFR/FlKSRM,LASTRM,NXFER,SCMBUF(2000) 
INTEGER fIRSRM

GLOBAL PARAMETERS

1NTF.GER SCHFL,TODAY,ERFLAG,FINLTS
LOGICAL TRACE,USELCM,USEKKS,USEBIU,KF6000,MF7000 
COMMC3U/GLbHRK/CL.SOKt; r EHFLAG,FlNLTS,LCMFL,SC«FL, VERBIG 
COMMON/VOFFST/LCPrtI,LCWEL,LCSlR,LCT, LCS , LCTR , LCTC, LCTK , LCEL,
1LCFL, LCGL,LCV,LCXI,
2LCKOT.LCPERM,
3LCTL,LC1LK,LCSL,LCZCB,LCRATE,
4N VPN, N NPR, NN PC, NNPL, NN AL , N WPR , NrtPC , N*PL , N >"AL f TRACE, TODAY 

CUMXUN/M.FS1ZE/USELCM,USEKKS,USEB10,MF6000,HF7000,NWDLCK,
1LCMPTRU50)

LOOP, ROw, COLUMN, LAYER POINTERS

COMMON/LOOPS/I,J^,IO,JO,KO,I1,J1,K1.I2,J2,K2

DEFINITION OF LCM LEVEL3 VARIABLES. THIS MUST FOLLOW ALL LEVEL2.

LEVEL3,STRLCM
COMMON /L3SrOR/SfRLCM(l)

LEV£L3,LASTDM3 
COMMON/LASTLC3/LASTDM3 
END OK LEVEL3 DEFINITIONS

LEVEL 2,HXLCM 
DIMENSION HXLCM(l)-
INTEGER MSG(4),HXNAME
lF(TKACt)CALL PRENT("BUFOUT")

00664
00665
00666
00667
00666
00669
00670
00671
00672
00673 
CCC74
00675
00676
00677
00678
00679
00680
00681
00682
00683
00664
00685
00686
00687
00688
00689
00690
00691
00692
00693
00694
00695
00696
00697
00698
00699
00700
00701
00702
00703
00704
00705
00706
00707
00708
00709
00710
00711
00712
00713
00714
00715
00716
00717
00718
00719
00720
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60

65

70

1004 
99^97

9999W
C
C
C
C
C
C
C

85

90

95

100

105

110

99991 

99990 

99989 

9998H 

99987 

9998to

99984 

99983 

999B2 

99981

ERROR CHECK LAYER NUMBER. MUST BE BETWEEN 1 AND KO INCLUSIVE TO 
INVOKE TRANSFER.

IK ,N3T.(NLEV.I.T.l . OR . NLEV . GT . KO) ) GO TO 99998
IF(.NOT.UkACE)) GO TU 99997
NKJ rt:(PRFlLE,1004)"BUKOUT WOT PERFORMED FOR LAYER" , NLLV, HXNAHE
FURKAT(1A,3A10,I 4,"(",A 3,")")
NOUT=0
KO TO 99999
1F(.HOT.tUSELCM)) GO TO 99995

DATA IS TO RESIDE IN LCH, LEVEL 3.
WHEN NWAL IS .LK.. 131072 (2*M7), DIRECT ADDRESSING MAY BE USED,

AND Trifc. ADOKKSS IS STORED IN LCMPTR, TKE DATA IN STRLCM. 
ELSE EACH LAYfc." OF THE MODEL IS STOKED IN A SEPARATE ARRAY SUCH

THAT NO COMMON BLOCK EXCEEDS 131072 WORDS.

IF(.NOT.(NWAL.Lt.131072)) GO TO 99993
li=LCMPTR(NLEV)
CALL KOVLEtf(HXLCM,STRLC«(II),NrtPL)
GO TO 99994
1F(( l).NE.(NLKV)) GO TO 99991
CALL KOVijftf (HXLCM,STLC 1,NWPL)
GO TO 99992
IF(( 2).NE.(NLEV)) GO TO 99990
CALL MOVLEV(HXLC«,STLC 2,N«KPL)
GO TO 99992
1F(( 3).NE.(NLFV)) GO TO 99989
CALL MOVLEV(HXLC",STLC 3,NrtPb)
GO TO 9V992
IF(( 4).NE.(NLEV)) GO TO 99988
CALL MOVLEV(hXLCM,STLC 4,NrfPL)
GO TO 99992
IF(( 5).Nfc.(NLF.V) ) GO TO 99987
CALL MOVLEV (HXLCM,STLC 5,N»*PL)
GO TO 99992
1FCC 6).ME.(NLEV)) GO TO 99986
CALL MOVLEV(KXLCM,STLC 6,NWPL)
GO TO 99992
1FCC 7).NE.(NLKV)) GO TO 99985
CALL KOi/LtV(HXLCM,STLC 7,NWPL)
GO TO 99992
IFCC 8).NE.(NLEV)) GO TO 99984
CALL MOVLc;V(HXLCM,STLC 8,NWPL)
GO TO 99992
1F(( 9),NE.(NLKV)) GO TO 99983
CALL MOVLEtf(HXLCM,STLC 9,NWPL)
(in TO 4V992
IF((10).NE.(NLEV)) GO TO 99982
CALL KOVLEV(HXLCM,STLC10,NWPL)
GO TO 99992
IF((J1).NE.(NLKV)) GO TO 99981
CALL MOVLEV(HXI,CM,STLCll,NrfPL)
GO TO 9V992
IF((12).NE.(NLEV)) GO TO 99980
CALL MOVLEV(HXLCM,STLC12,NrtPL)

00721
00722
00723
00724
00725 
0072b
00727
00728
00730
00731
00734
00735
00736
00737
00738
00739
00740
00741
00742
00743
00744
00745
00748
00748
00749
00749
00749
00750
00750
00750
00751
00751
00751
00752
00752
00752
00753
00753
00753
00754
00754
00754
00755
00755
00755
00756
00756
00756
00757 
00/b/
00757
00758
00758
00758
00759
00759
00759
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115

120

175

130

135

140

145

150

155

160

165

170

GO TO 99992
99980 IF((13).NE.(NLLV)) GO TO 99979 

CALL MiWLEVlrtXLCM,STLC13,NWPL)
GO TO 99992

99979 IF( (14) . Nt. (NLF:V)> GO TO 99978
CALL MOVLe;V(HXLCM,STLC14,NWPL)
GO TO 99992 

99978 IF((15).NE.(NLtV>) GO TO 99977
CALL MOVLbV(HX(,CM,STLCi;>,NWPL)
GO 10 99992 

99977 IFU Ib).NE.(NLK.V)} GO TD 99976
CALL MOVLEVCHXLCM,STLClb.NWPL)
GO TO 99992 

9997b lF((17).NE.(HLfc:V)> GO TO 99975
CALL MOVLEVCHXLCM,STLC17,NWPL)
GO TO 99992 

9997t> 1F((18).Nb.CNLEV)) GO TO 99974
CALL MOVLtV(HXLCM,STLC18,rJWPL)
GO TO 99992 

99974 1F(C19).NE.(NLLV)) GO TO 99973
CALL MOVLEVCHXLCM,STLC19,NWPL)
GO TO 99992 

99973 iF((2U).NE.(NLt:V)) GO TO '99972
CALL MOVLEV(hXLCM,STLC20,NWPL}
GO TO 99992 

99972 IF((21).Nf .(NLfV» GO TO 99971
CALL KOVLe:v(liX.LCM,STLC21,N*PL,)
GO TO 99992 

99971 If (C22) .Nb'.(HLhV)} GO TO 99970
CALL MOVLt;V(HXLCM,STLC22,NWPl,)
GO TO 99992 

99970 JF((23).NE.(NLEV)) GO TO 99969
CALL MOYLt:V(HXLCM,STLC23,NWPL)
GO TO 99992 

99969 IF((24).HE,(NLEV)) GO TO 99968
CALL MOVLbV(HXLCM,STLC24,NWPL)
GO TO 99992 

9996H IFC(25).NE.(NLEV)) GO TO 99967
CALL MOVLb»/(HXLCM,STIJ C25,Nl*P|J )
GO TO 99992 

99967 IF((26).hE.(NLEV)) GO TO 99966
CALL HOVLEV(HXLCM,STLC26,NWPL)
GO TO 99992 

99966 IF((27).UE.(NLF.V)J GO TO 99965
CALL MOVLEV(HXLCM,STLC27,N«PL)
GO TO 99992 

99965 1F(128).NE.(NLFV>> GO TO 999S4
CALL HOVLEV(HXLCH,STLC28,N*(PL)
GO TO 99992 

99964 IF((29).NE.(NLKV)) GO TO 9996J
CALL MOVLEVCHXLCM,STLC29,N«PL)
GO TO 99992 

99963 lF((30).Hb.(NLf;i/)> GO TO 99962
CALL MOVLbV(HXLCM,STLC30,NfePL)
GO TO 99992 

99962 IF((31).NE.(fvLt;V)) GO TO 99961
CALL MOVLEVCHXLCM,STLC31,NWPL)

00760
00760
00760
00761
00761
00761
00762
00762
00762
00763
00763
00763
00764
00764
00764
00765
00765
00765
00766
00766
00766
00767
00767
00767
00768
00768
00768
00769
00769
00769
00770
00770
00770
00771
00771
00771
00772
00772
00772
00773
00773
00773
00774
00774
00774
00775
00775
00775
00776 
wu77o
00776
00777
00777
00777
00778
00778
00778
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175

180

195

190

195

200

205

210

215

220

225

GO TO 99992 
99961 IF((32).NE.(NLEV)) GO TO 99960

CALL MUVLt:v(HXlJ C'<,STLC32,NWPL,)
GO TU 9999'^ 

99960 IK((33).NE.INLEV)) GO TO 99959
CALL MOVLt:V(HXLCM,STLC33,NWPL>
GU TU 99992 

99959 IF(( 34).NE.(NLfc:V) ) GO TO 99958
CALL MnVLEV(HXLCM,STLC34,NWPL)
GO TO 99992 

9995B JF((35) .NtJ. (NLEV)) GO TO 99957
C A L* u M 0 V L tLi V ( ! \ X u CI' * C 1 ** C 3 S $ ** *«' r* I* j 

99957 CONTINUE 
99992 CONTINUE 
99994 1F(LOPC1).EO.O)LFB(1)=NLEV

LUP(l)=b
NbL(1)=NLEV
NOUT=NWPL
IFC.NOT.CLFB(l).EQ.l)) GO TO 99955
NXT(1)=NL£V-H
GO TO 99956
NXTd )=NLEV-1
IFl ,NOT.{fHACE)) GO TO 99954
WKITE(PKFILE,1000)NLEV,HXNAME,NWPL
FOHMAT(1X,"LCM WRITE INTO LAlfER" , 14, " C " , A3, " ) ",' 
1,17)

DATA TO BE STORED ON RANDOM FILE

99955 
9995b

1000

C
C 
C
99954 
99995

NUMBER 3F *ORDS='

GO TO 9999b
1F( .IJOT. (USERMS) ) GO TO 99953 
IF(TRACb)*KiTfc(PRKlLE,1005)"RM>",NLEV,HXMAME 

1005 FORHATC1X,"WRITE ",A3," FOR LAVEK ",I 4,"(",A3, 
I1=LCMPTK(ULFV)
CALL RMPUT(MSFlT,Ii,NrfPL r HXLCM) 
lF(LOP(l).Ea.O)LF6Cl)=NLEV 
LUP(1)=4 
NriLC1)=WLEV

IFC.NOT. (LFB(l).EQ.D) GO TO 99951 
NXT(1)=NLEV+1 
GO TO 99952

99951 NXT(1)=NLEV-1
C
C DATA TO b£ STOKED ON BUFFERED DISK OR TAPE F]
C
99952 GO TO 99996
99953 IF( .(JUT. (USEfilO) ) GU TO 99950

I F (TR AC t)«kITL(PRFILt:, 1005)" BIO", NLEV,HX NAME
IF( .NOT. (1/FNTBW.EJ.L.FWA)) GO 13 99948
ISUB=1
GO TO 99949

99948 ISUb=2
99949 «AIT=UN1T(LFNTBW)

BUFFER UUf(LFNTrtW,!)(HXLCM(1),HXLCM(NWPL)> 
LOP(ISUB)=4

00779
00779
00779
00790
00780
00780
00781
00781
00781
00782
00782 
C07S2
00783
00784
00785
00786
00787
00788
00789
00789
00789
00790
00791
00792
00793
00794
00797
00798
00799
00800
00600
ooeoi
00802
00803
00804
00805
00806
00807
00808
00809 
OOU09
00809
00810
00812
00813
00814
00815
00615
00616 
00817 
OOttl I
00817
00818
00819
00820
00821
00822

544
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230

235

240

245

250

NbL(ISUb)=NLEV OOB23
1F(.NQT.(LFB(lSUH).EU.l)) GO TO 99946 00824
NXT(lSUd)=NLfc:v+l 00824
GO TO 99947 00824

99946 NXT(ISUb)=NLEV-l 00825
99947 WAIT=UNIT(LFNTBW) 00826
C 00827
C CHECK FOR WRITE.PAKIT* ERROR - WAIT=1. 00828
C 00829

1F(.NOT.(WAIT.EO.l.)) GO TO 99944 00630
ENCUDE(30,1002,MSOLFNTB* 008*1

1002 FORMATC'PAkll* ERkOK UN BUFUUT, TAPE",12) 00832
HSG(4)=0 00833
CALL REMARK(MSG) 00834
CALL HKMAKK("AHORT JOb FROM BUFOUT") 00835
CALL SKIPJOB("BUFOUT") . 00836
GU TO 9994b 00837

99944 IF(.NOT.(TRACE)) GO TO 99943 00839
WRITE(PkFiLE,1001)LKNTBW,NOUT,NLEV 00840

1001 FORHATUX, "SUCCESSFUL BUFOUT ON FILE",12," NOUT=",I7," NLEV=",I4) 00841
99943 CONTINUE 00843
9994b CONTINUE OOB45
99950 CONTINUE 00845
99996 CONTINUE 00846
99999 RETURN 00847

END OOB48

545



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

10

15

20

25

35

40

45

SUBROUTINE BUFREW(F1LENQ)
REMIND F1L.ENO. HO OPERATION UNLESS USEBIQ = .THUE. 

BUFFERED FILE KILENQ

99998

9999V

99994
99995

1000

99993 
9999b 
99999

1/0 FILES

INTEGER HUUMP,BAKIN,BAhOUT,PHFILE,OBSFIL 
COMMON/IOFlLE/HDUMP,META,BAKlN,BAKnUT,INFILE,PRFILE,OBSFrL

I/O POINTERS

LOGICAL LOGRDA,LOGRDB
INTEGER LFf<(2),LOG(2),LF8(2),LOP(2),NBL(2),NXT(2)
COMMON/IOPTK/LFNA,LFNB,LOGRUA,LOGRDB,LFNTBK,LFNTBw,LFBOFA,LFBOFB, 

!LOPA,LOPb,NBl,PA,NbLPB,NXTA,NXTB
EQUIVAl.FNCE(LFN,l,FNA),(LOG,LOGrtDA),(LFB,LFBOFA),(LOP,LOPA) 
EOUlVALENCE(NBL,NoLPA),(NXT,NXTA)

GLOBAL PARAMETERS

1NT£GEK SCMFL,TODAY,ERFLAG,FINLTS
LOGICAL T«ACf-:,USKLCM,USEHMS,USEBiO,MFfaOOO,MF7000
COHrfO-N/GLBPHH/CLSUREjEhF LAG , Kl MLTS , LCHFL , SCMFL , VEHBIG
CLiM.HUK/VuFKST/LCPril,LC*EL,LCSTR,LCT,LCS,LCTH,LCTC,LCTK,LCEL,

1LCFL,LCGL,LCV,LCX1,
2LCHUT,LCPEKM,
3LCTL,LCrLK,LCSL,LCZCB,LCRATE,
4NVPN,NNPH,NNPC,NNPL,NNAL,NiVPR,N«PC,N«IPL,NWAL, TRACE, TODAY 

COK'U)N/MKSIZt/USELCM,USEKMS,USEBlU,MFbOOO,MF7000,NWDLCM,
1LCHPTRC150)

INTEGER FILENO
IF(TRACt)CALL PRENTC"BUFREW")

BRANCH ACCOKDING TO USEBIO

IF(.NOT.(USELCH)) GO TO 99998
ISUB=1
GO TO 99999
IFC.NOT.CUSERMS)) GO TO 99997
1SUB=1
GO TO 99999
IF(.NOT.(USEBIO)) GO TO 99996
IF(.NOT.(F1LENU.EQ.LFNA)) GO TO 99994
1SUB=1
GO TO 99995
ISUB=2
WAIT=UN1TCFILENO)

IFC.NOT.(TKACE)) GO TO 99993
WR1TE(PMK!1,E,10UO)F1LENO,LFB,LDP,NBL,NXT
FDHMAT(1X, H RK«J(40 ON FILE",12," LFd = ",2I6," LOP = H ,2I6," NBL = ",2I6,
" HXT=",216)
«AIT=UN1TCFILENO)
CONTINUE
LOP(ISUB)=0

00849
00850
00851
00852
00853
00854
00855
00856
00857
00858
00859
00860
00861
00862
00863
00864
00865
00866
00867
00868
00869
00870
00871
00872
00873
00874
00875
00876
00877
00878
00879
00880
00881
00882
00883
00884
00885
00887
00888
00890
00890
00891
00893
00893
00894
00894
00894
00895
00896 
no«97
00898
00899
00900
00901
00903
00905
00906
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NBL(lSUB)=t.Fb(lSUB) 00907
NXTUSUB)=L,FB(ISUB) 00908

60 RETURN 00909
END 00910
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10

15

20

30

35

40

45

50

55

SUBROUTINE CHECKS

MASS BALANCE - TOP LAYER AND EVERY 3RD LAYER MOVING DOKNrfARDS

GLOBAL PARAMETERS

INTEGER SCK'FL,TOPAY ,ERKLAG,FINLTS
LOGICAL TRACf-.,USE.LCM,USERMS,USEBIO,MF6000,MF7000
COMMejN/GLHPR."/CLSUHfc,,tRFLAG,FlNL,TS,LCKFL,SC«FL,VERBIG
CUMMUN/VUFFST/LCHMl,LCwEL,LCSTK,LCl,LCS,LCTR,LCTC,LCTK,LCEL,

1LCFL,LCGL,LCV,LCX1,
2LCHOT,LCPbRM,
3LCTL,LCrLP.,LCSL,LCZCB,LCRATE,
4 NVPN,NNPR,NNPC,NNHL,NNAL,NrtPR,UhPC.N«lPL,N*AL,TRACE,TODAY 

CUMMO<V/MFSlZtYUSt.LCM,USER«S, USEblU, MFfaOOO , MF7 000 , N»f ULCM ,
1LCKPTRU50)

LOOP, RO*, COLUMN, LAYER POINTERS

COMMON/LOOPS/I,J,K,10,JO,KO,I1,J1,K1,I2,J2,K2

ITERATION AND Tl*£ PARAMETERS

LOGICAL LITS1P,LITPIS,MBALPR,CNVRG
COMMUN/lTHAKM/KP,hT,IT,NPER,NUMT,MODPR,«BALPR,ITMAX,ITMXl,NRHOP, 

1RHOPC20J ,»«MAX,CNVKG,ITTS(200) f DAriP,LITSIP,LITPIS

OPTION DEFINITIONS

LOGICAL WTABLE,KCHRG,TRLEAK,E(JN3,EQN4 
COWM(JN/OPrDEF/hTABLE,TKLEAK,RCHRG,EQN3,EON4

I/O FILES

INTEGER HUUMP,tsAKIN,BAKOUr,PRFILE,OBSFIL 
COWMON/IOFILE/HDUMP,META,bAKlW,BAKOUT,INFILE,PRFILE,OBSFIL

LISTING/DUMP POINTERS

LOGICAL DMPIT,1)MPTS,DMPPP,UMPVAR,PH1DMP 
1,DMPRIV
COMMON/UMPHTR/f)MPIT,DMPTS,DMPPP,DMPVAR,PHIDMP 
1,DMPR1V

CHECK/MASS BALANCE PARAMETERS

MASS UALANCF HATF.S

COMMON /CKK A Tt./CKLUX , CFLXCH , CHD1 , CHD2 , ETFLUX , FLUX, FLUXS , FLXN , FLXP , 
1PU^P,HIMPCH,QRE;FLX,STOR,SUMR,SUM1,SUM2 
2,FLXR,FLXRN,FLXRP

MASS BALANCE VOLUMETRIC TOTALS

COMMON/CKVOLT/CFLUXT,CfrXCHT,CHDT,CHST,ETFLXT,FLUXT,FLXNT,FLXPT,

00911
00912
00913
00914
00915
00916
00917
00918
00919
00920
00921
00922
00923
00924
00925
00926
00927
00928
00929
00930
00931
00932
00933
00934
00935
00936
00937
00938
00939
00940
00941
00942
00943
00944
00945
00946
00947
00948
00949
00950
00951
00952
00953
00954
00955
00956
00957
00958
00959
00960
00961
00962
00963
00964
00965
00966
00967
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60

65

70

75

80

85

90

100

105

110

1PMPCHT,HUMPT,QRET,STORT
2,FLXKNT,FLXKPT
*,TUTL1,TOTL2

MASS BALANCE - OTHER ARRAYS AND VARIABLES 

COMMON/CKAKRY/UPFLOw(100),FRMCLAYC100) 

GRID SIZES

LEVEL 2,L>ELX,DELY,UELZ,DELX1,DELYI,DELZI,FACTX,FACTY,FACTZ 
COMMON/UELXYZ/I)ELX( 150), OELlf(lSO),l>ELZ(lbO),l)ELX 1(150),DEL YK150), 

lUELZI(lbO),fACTX(lbO),FACrY(150),FACTZ(150)

SPECIFIC YIELD AMU SPECIFIC STORAGE

LEVEL 2,SY,SS
COMMON/SYSS/SY(150),SSC150)

COMPUTATIONAL INTERMEDIATE SCALARS

COMMON/CISCAL/B,D,F,H,RHO,RHOI,RH02,RH03,SU, Z

SPEC1FIED-HEAD DATA

LEVEL 2 , C.HFLO*,FL£AK,IJKFLO 
COMMUN/CHOATl/uCH,(>ICriAVA,NOVCH,KTRFLO
COMMON/CHOAT2/CriFLnw( 400),FLEAKf 400),IJKFLOC 400,3)
COMMON/KIVR/NR,NP«,NTOT,NADD ( 20),NKC(20),QS(20),RU(20) ,KFLO*(200) , 
lUKAX(200),RFLOw(200),RIVLR(200),TCi(200) r VK(200),lNDX(2,200),OR

2D BOTTOM AND PERMEABILITY 

COMMON/BOTPRM/ROTTOMd, 1) , PERM (1,1) 

RECHARGE

LEVEL 2,ORE 
COMMON/RECH/QREC 20, 20)

HATER SURFACE

LEVEL 2,WSJR 
COMMON/rtSURF/rtSUFU 20, 20)

RIVERS

LEVEL 2,ORA
COfif'.CN/KI VR2/UfJ..*.( 20, 2 n )

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2,HXA,HXB,riXC 
COMMON/LCMA/HXA(POOO) 
COMMf)W/LCMH/HXh(8000) 
COMMON/LCMC/HXCCHOOO) 
INTEGER HOW,COL

00968
00969
00970
00971
00972
00973
00974
00975
00976
00977
00978
00979
00980
00981
00982 
009B3
00984
00985
00986
00987
00988
00989
00990
00991
00992
00993
00994
00995
00996
00997
00998
00999
01000
01001
01002
01003
01004
01005
01006
01007
01008
01009
01010
01011
01012
01013
01014
01015
01016
01017
01018
01019
01020
01021
01022
01023
01024
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115

120

125

130

135

140

145

150

155

160

165

170

C

C
C
C
C
C
C
C

C
C
C

C
C
C

C
C
C

C
C
C

C
C
C

C
C
C

C
C
C
99994

99993
99995
C

LOGICAL TUPMST, FOUND

IF(TRACt)CALL PRENT( "CHECKS" )

LOOP FRUM 1,NNPL - SKIP FIRST + LAST NODE OF EACH ROW + COLUMN

GRID LOOP IS ROWS WORTH TO SOUTH
COLS WEST TO EAST
LEVS TOP TO BOTTOM

UPFLOW(K)=0.
FRMCLAY(r,)=0.
MEND=NNPL-(NNPR*2)
LFwTN=NwpR+l-NVPN
DO 99999 LUOP=1,NEND

LOCATION OF FIRST WORD IN THIS NODE (LFWTN), WITHIN HX

LFWTN=LFWTN+NVPN

SKIP FIRST + LAST COLS OF EACH ROW

COL=MOD(LOOP,NNPR)
IF( .NOT. (COL.GT. 1)} GO TO 99998

SKIP NODE IF INACTIVE (T=0)

IF(.NOT.(HXB(LF*TN*LCT).NE.O.}) GO TO 99997

*HAT ROW IS THIS

ROw = LFWTN/NWPR-fl
AREA=DELX(COL)*DELY(ROW)
VOLUME=AKEA*DELZ(K)

CALCULATE COMKON INDICES

ILPHl = LFv»TN + LCPHI
1LS=LFWTN+LCS
1L1=LF*TN+LCT
!LhEL=LFwfN+LChEL
OLD=HXb(lLPHl}-HXb(LFWTN+LCXn

STORt PHI IF THIS IS TOPMOST WATER SURFACE NODE

IF( .NOT. (WSUR(RUW,COL) .EO.0.0)) GO TO 99996
IFC.HOT. (K.EU.KU)} GO TO 99994
WSUR(ROw,CUL}=HXB(ILPHI)
GO TO •» s y v i/

NOT TOP LAYER - STORE PHI ONLY IF NODE ABOVE IS INACTIVE (T=0)

IF( .NOT.IHXA(LK*TN + LCT).F.Q.O.O)} GO TO 99993
WSUR(RQrt,C()L) = HXB(lLPHI)
CONTJNUfc-
CONTINUE

01025
01026
01027
01028
01029
01030
01031
01032
01033
0 J 0*4
01035
01036
01037
01038
01039
01040
01041
01042
01043
01044
01045
01046
01047
01048
01049
01050
01051
01052
01053
01054
01055
01056
01057
01058
01059
01060
0)061
01062
01063
01064
01065
01066
01067
01068
01069
01070
01071
01072
01073
01075
01076
01077
01078
01079
01081
01082
01083
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175

160

185

190

195

200

205

210

215

220

225

C CALCULATE VERTICAL FLOW
C
99996 IF(K.NE.l)UPFLu*(K)=UPFLOrf(IO+(HXCCILPHI)-HXB(ILPHI))*HXC(LFWTN+LC

1TK)»AREA 
C 
C COMPUTE FLO* TO AND FROM SPECIF1ED-HEAD BOUNDARYS

IF( .NOT. (HX6(LF*TN+LCS) .LT.0.0) ) GO TO 99991

NO ROOM AVAILABLE IN SPEC I FI ED-HKAD ARRAYS - NOTE OVERFLOW AND 
MOVE THIS ROW, COL, LAYER INTO LAST ARRAY LOCATIONS.

1F(.NOT.(KTKFLO.GE.NCHAVA)) GO TO 99989
NOVCH=NOVCH+1
KTRFLO=NCHAVA
GO TO 99990

99989 KTRFLO=KTHFLO+1
99990 CHFLOW(K1RFLO)=0.

IJKFLOCKTHK LO,1)=K
JJKFLO(KTKFLO,2)=ROW
IJKFLO(K1KKLO,3)=COL 

C
C CALCULATE OFFSETS AND INDEXES 
C

IM1=LFW1N-N«PR
1P1=LFWTN+NWPR

9998b 
99986 
999«7

99983
99984
C
C
C
99988

JP1=LFWTN+NVPN

ACCUMULATE PUMPAGE/1N JfcCT ION FKOM/TO SPECI FIED-HEAD NODES

IF( .NOT. (EQNJ) } GO TO 99967
IF(. HOT. (riXBdl.aEL). LT.0.0)) GO TO 99985
PUMPCri=PUMPCH-HXB(lLwEL)* VOLUME
GO TO 999 a 6
CFLXCH = CFLXCh + HXb( I LwED* VOLUME
GO TO 99988
IF( .NOT. (HXBULwEL) .LT.0.0)) GO TO 99983
PUMPCH=PUMPCH+HXB(lLrtEL)*AREA
GO TO Q99S4

CONTINUE

WEST

IF(.NOT.(HXM(JM1 + LCS).GE.O..AND.HXbCJM1 *LCT).NE.O.)) GO TO 99982 
X=(HXB(ILPHI)-HXb(JMl+LCPHI))*HXB(JM1+LCTR)*DELY(ROW) 
1F(.HOT.(E(JN3)) GO TO 99981 
X = X*0(LLZ(K) 

99981 CHFLOW(KTKFLO)=CHFLOrf(KTRFLO)+X
ire.;.'uT.cX.LT.U.;) -c TC; ??;?9
CHD1=CHD1-X 
GO TO 99980 
CHD2=CHD2+X 
CONTINUE

99979
99980
C
C EAST

01084
01085
01086
01087
01088
01089
01090
01091
01092
01093
01094
01095
01096
01097
01098
01099
01101
01103
01104
01105
01106
01107
01108
01109 
OHIO
01111
01112
01113
01114
01115
01116
01117
01118
01119
01120
01122
01124
01126
01127
01128
01130
01132
01133
01134
01135
01136
01137
01138
01139 
01141 
0 M. 4 7
01143
01144
01146
01148
01149
01150
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230

23b

240

24b

250

255

260

265

270

27b

260

265

IF( .NOT. (t.UN3) ) GO TO 99977 
X=X*DEbZ(K)

99982 IF(.HOT.(riXB(JPl+LCS) . GE . 0 . . ANU. HXB( JP1 +LCT) . NE . 0 . ) ) GO TO 99978

99977

99975
9997t>
C
C
C
99978

GO TO 99972
99971 X=(riXb(lLfHI)~HXC(ILPriI))*HXC(LFWTNtLCTK)*AREA 

CHFLOW(KTKKLO)=CHFLOW(KTKFLO)+X 
IF(.NOT.(X.LT.O.)) GO TO 99969 
CHD1=CHD1-X 
GO TO 99970

99969 CHD2=CHD2+X
99970 CONTINUE .
99972 CONTINUE
99973 CONTINUE
C
C UP
C
99974 SU=0.

IF(.NOT.(K.NE.hO)) GO TO 99966 
IF(.NOT.(TKLtAK)) GO TO 99966

IF(.NOT.(X.LT.O.)) GO TO 99975
CHD1=CHD1-X
GO TO 99976
CHD2=CHD2tX
CONTINUE

DOWN

IF(.NOT.(K.NE.l)) GO TO 99974
IF(.NOT.(HXCCU-S).GE.O..AND.HXCC1LT).NE.O.)) GO TO 99973
1F(.NJT.(TKbEAK)) GO TO 99971

GO TO 99907
9996t> IF(.MOT.(HXA(ILS).GE.O..AND.HXA(ILT).NE.O.)) GO TO 99965 

X = (rtXB(llJ HHJ)-riXA(ILPril))»HXB(LF«TrJ + LCTK)*AREA 
CHFLUW(KTKFLO)=CHFLOW(KTRFLOHX 
IF(.HOT.(X.LT.O.)) GO TO 99963 
CHD1=CHD1-X 
GO TO 99964

99963 CHD2=CHD2+X
99964 CONTINUE
99965 CONTINUE
99967 CONTINUE
C
C NORTH
C
9996W IF( .NOT. ( HXB ( I H 1 + LCS ) .GE.O.. AND. HXBdMl + LCT) .NE.O. )) GO TO 99962

!F(EUN3)X=X*DLbZ(K)
CHFLiOrt(KTKt LO) =CHFLUW ( KTRFLO)+X
IF(.NOT.(X.LT.O.)) GO TO 99960
CHD1=CHL)1-X
GO TO 99901

01151
01152
01153
01154
01155
01157
01158
01159
01160
01162
01164
01165
01166
01167
01168
01169
01170
01171
01172
01173
01175
01176
01177
01178
01179
01181
01183
01184 
0118b
01186
01187
01186
01189
01190
01191
01192
01193
01195
01196
01197
01198
01199
01200
01202
01204
01205
01206
01207
01208

01210
01211
01212
01213
01214
01215
01216
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290

295

300

305

310

315

320

32b

330

335

340

99960 CHD2=CHD2+X
99961 CONTINUE
C
C SOUTH
C
99962 IF(.NOT.(HXB(IP 1+LC5).GE.O.. AND.HXR(I HI+LCT).NE.O.)) GO TO 99959

V9957
99958
99959

99950
C
C
C
C
C
99991

CHFLUrt(KTKKLU)=ChKLOW(KTRFLO)+X
IFt.NOT.(X.LT.O.)) GO TO 99957
CHD1=CHD1-X
GO TO 99958
CHD2=CHD2+X
CONTINUE
1FC.NUT.CIKLEAK)) GO TO 99956
OLKAKN=-(HXB(LK«lNtLCTL)*HXB(ILPHI)-SU-Z-HXB(LFWTN+LCSL))*AREA
FLKAK(KTKFLU)=FLt;AKlKfHFLO)+aLEAKN
GO TU 99992

NON-SPEClr'IED-HEAD NODES 

RECHARGE AND rfFLLS

iF(.Nor.ceaN4)) GO TO 99954
IF( .NQT.(K.EU.KO.AND.CRCriRG))) GO TO 99953
GRt;FLX = UKEHJ X +OKt: (ROW, COL)* AREA 

99953 IF(.N3T.(HXB(ILWEL).LT.O.)) GO TO 99951
PUMP=PUMP-rtXH(lLwfc.L)*AREA
GO TO Q9^52 

9V951 1F( .NOT.(riXtHlL*Eb).GT.O.)) GO TO 99950
CFLUX=CFLUX+HXB(ILWEL)*AREA
CONTINUE99950

C
C
C
99952

C 
C 
C 
99948

VOLUME FKOM STORAGE - BRANCH ON WATER TABLE / NON-WATER TABLE

1FC.NOT.C.NOT.WTABLE)) GO TO 99948
STEMH=HXK(ILS)
GO TU 99949

ARE WE IN TOP LAYER (KO)

IFC.NOT.(K.EO.KO)) GO TO 99946 
STEMP=SY(K) 
GO TO 99947

WATER TABLE PROBLEM - HAS NODE CHANGED STATUS
C 
C 
C
9S/946

iF(.'JUT.(HXBULPril).GE.TOP.AND.OLD.GE.TOP)) GO TO 99944
STKMP=HXB(ILS)
GO TO 99945 

99944 IFC.NOT.(HXB(ILPHI).LE.TOP.AND.OLD.LE„TOP)) GO TO 99942
STKMP = SK CK)
GO TO 99943

01218
01220
01221
01222
01223
01224
01225
01226
01227
01228

NODE HAS RISING HEAD * PHI IS ABOVE TOP + OLD IS BELOW TOP

01230
01232
01234
01235
01236
01237
01239
01240
01241
01242
01243
01244
01246
01247
01248
01250
01251
01252
01254
01255 
01257 
0125U
01259
01260
01261
01262
01263
01265
01266
01267
01268
01269
01270
01271
01272
01273
01275
01276
01277
01278
01280
01281
01282
01283
01284
01285
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345

350

355

360

365

370

375

380

385

390

395

99942 If(.NOT.(HXB(ILPHl).a£.OLD)) GO TO 99940
STEKP=((HXb(IL 1S)*(HXb(ILPHI)-TOP))-KSY(K)*(TOP-OLD)))/ 
HriXb(ILPHl)-OLU) 
GO TO 99941

C
c
C
99940

99941
99943
99945
99947
C
C
C
99949

C 
C 
C
99954

NODE HAS FALLING HEAD + PHI IS BELOW TOP + OLD IS ABOVE TOP

= ((HXb(ILS)» COLD-TOP) ) + ( SV ( K) * C TOP-HXBC I LPHI )) ) ) / 
HOLU-HXBULPHI) ) 
CONTINUE 
CONTINUE 
CONTINUE 
CONTINUE

CALCULATE STOR

GO TO 999bb

RECHARGE, WELLS, VOLUME FROM STORAGE FOR 3D

IfC.NOT.(K.KO.KO.AND.CRCHRG))) GO TO 99939
dKt:t-'LX=QR£KLX + UK£(ROV.,COL)*VOLUM£ 

99939 IFC.NOT.(riXB(lbwfc-L).LT.O.)) GO TO 99937
PUMF=PU«P-riXBCILuEL)*VOLUME
GO TO 99938 

99937 1FC .N01 .(HXBULrfEL,) .NE.O.)) GO TO 99936
CFLUX=CKLUX+rtX«( I LrfED* VOLUME 

99936 CONTINUE
9993d SrOR = STOR-HXB(lLS)*HXB(LFWTN-»-LCXI)*VOLUME 
C 
C 
C 
C 
99955

RIVER RECHARGE TO (+) OR FROM (-) AUUIFER 
LOOK AT TOPMOST ACTIVE LAYER

1F(.NOT.(NK.GT.O)) GO TO 99935 
1FC.NOT.(UKA(ROW,COL).NE.O.)) GO TO 99934 
TOPMST-K.EU.KO
IF( .NOT. ( .N'JT.TOPMST)) GO TO 99933 
10PMSr=HXA(lLT).EO.O.

99933 IF(.NOT.( KJPMST)) GO TO 99932 
ORAKCA=UhA(ROw,COL)*AREA

1F(.NOT.(ORAKCA.LE.O.)) GO TO 99930 

FLOW FROM AQUIFtK TO RIVER (-}

FLXKN=FLXHN-ORARCA
GO TO 99931 

C
C KLUW FROM KJ.VEK 1'U 
C

C
C FIND RIVER NODE FOR THIS ROW, COL AND NOTE LEVEL
C
99931 LOOPR=0

FOUND=.FALSE.

01287
01288
01289
01290 
OJ291
01292
01293
01295
01296
01298
01299
01300
01301
01302
01303
01304
01305
01306
01307
01308
01309
01311
01312
01314
01315
01316
01318
01319
01321
01322
01324
01325
01326
01327
01328
01329
01330
01331
01332
01334
01335
01336
01337
01338
01339
01340
01341
01342
01344

01346
01347
01349
01350
01351
01352
01353
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400

40b

410

415

420

425

430

43b

440

445

450

4b5

99929 IFCFOUND.OR.LOOPR.GE.NRN) GO TD 99928
LOOPR=LOOPR-U
FOUNu=CRU«.EU.INDXC1,LOOPR)).AND.CCOL.EU.INDXC2,LOOPR))
GO TO 99929

9992B IFC.NOT.(FOUND)) GO TO 99926 
C
C RFLOW CALCULATED IN KIVERQ 
C

KFLOW(LOOPR)=K
GO TO 99927

99926 WR1T£(PHFILE,1000)ROW,COL,ORACROW,COL) 
100U FOKMAr(lX,"tUVEP RKCHARGE NON-ZERO AT NON-RIVER NODE. ROW= H ,I4," C

10L= M ,I4," QRA=",E12.5) 
99427 CONTINUE 
99932 CONTINUE
99934 CONTINUE
C
C LEAKAGE FROM CONFINING BEDS
C
99935 IFC.NOT.CTkLEAK)) GO TO 99925 

2 = 0.0 
SU=0.0
IF(K.NK.l)Z = HXCCLFWTN-t-LCTLK)*HXC(lLPHI) 
lFCK.NK.KO)SU=HAb(Lf*rm-LCrLK)*HXA(ILPHI)

IFC.NOT.CULEAKN.LT.O.O)) .GO TO 99923 
FLXN=FLXN-ULF:AISN
GO TO 99924'

99923 FLXP=FLXP+QLEAKN
99924 FRMCLAYCK)=FKMCLAY(K)+QLEAKN
99925 CONTINUE
99992 CONTINUE
99997 CONTINUE
9999B CONTINUE
99999 CONTINUE
C
C WRITE HEADS TO HDUMP FILE IF END OF PUMPING PERIOD AND
C

IFC.NOT.(FINLTS.EQ. LAND. CPHIDMP) )) GO TO 99922

DUMP CONSISTS OF 2 BINARY RECORDS FOR EACH LAYER 
RECORD 1 HUMP PERIOD

NUM8EK OF LAYERS IN MODEL 
NUM.BER OF THIS LAYER 
NUMBER OF ROWS 
NUMBER OF COLUMNS

RECORD 2 PHI, BY ROw'S, NORTH TO SOUTH AND COLUMNS WEST TO LAS 

FILC IG TE!>.". I " ATEC '.".'IT; 1. J'. KCS".^ 1 EQUAL TQ ZtPOS

WR1TFCHDUMP)KP,KO,K,JO,IO 
IPHI = LCPHl-»-J
*RlTlfCnDUMp)(HXBCLOOP),LOOP=IPHI,NWPL,NVPN) 

99922 RETURN 
END

01354
01355
01356
01357 
013S6
01359
01360
01361
01362
01363
01365
01366
01367
01369
01370
01371
01372
01373
01374
01375
01376
01377
01378
01379 
013BO
01381
01382
01383
01385
01387
01369
01390
01391
01392
01392
01393
01394 
0139b
01396
01397
01398
01399
01400
01401
01402
01403
01404
01405
01406
01 407
01406
01409
01410
01411
01413
01414
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APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

10

15

20

25

30

35

40

45

SO

55

SUBROUTINE CHECKC

MASS BALANCE - 2ND LAYER FROM TOP AND EVERY 3RD LAYER MOVING 
DOWNWARD.

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,ERFLAG,FINLTS
LOGICAL THACH,USKLCM,USERMS,USErtlO,KF6000,MF7000 
CC)MMUN/-ot,riPHM/CLiiUKt:,EKKLAG,FiNLTS,LCMFL,SCMFL,VERBIG 
CUtv.'-'.^N/'.'LJl'I'^T/LCr.;! ,uC..C^,LC3TR, LCI,LCS,LCTK, LCfC,L,CT 
1LCKL,L,CGL,LCV,LCX1,

3LCTL,LCrLK,LCSL,LCZCB,LCRATE,

C OK MON/MFSIZC/USELCM, USER MS,USEB10,MF6000,MF 7000, NWDLCM, 
ILCHHTR(lbO)

LOOP, ROh, COLUMN, LAYER POINTERS 

COMMOH/LOOPS/I,J,K,IO,JO,KO,I1,J1,K1,I2,J2,K2 

ITERAT1UN AND TIME PARAMETERS

LOGICAL LITSIP,LITPIS,MBALPR,CNVRG
COMMON/I TPAKK/KP,KT, 1 T , rtPEK , H U *T , KODPR , MBALPR , ITMAX,ITMX1,NRHOP, 
1HHOP(20),*MAX,CNVRG,ITTS(20U),DAV,P,LITSIP,LITPIS

OPTION DEFINITIONS

LOGICAL wrAKLE,KCHHG,TKLEAK,EQN3,EQN4 
COHMON/OPrDEF/KTABLE,TRLEAK,KCHKG,EON3 f EQM4

I/O FILES

INTEGER HDUMP,BAKIN,BAKOUT f PKFI LE f OBSFIL 
COMHON/10FILE/HUUMP,META,bAKIN,BAKOUT, I NFI LE , PRFILE, OBSF IL

LISTING/DUMP POINTERS

LOGICAL DMPIT,DMPTS,DMPPP,PMPVAR,PHIDMP 
1,DMPRIV
COMMON /DMPPTR/D.MplT r DMPTS,DMPPP,DMPVAR,PH I D«P 
1,DMHRIV

CHECK/MASS BALANCE PARAMETERS

MASS BALANCE RATES

COMMON/CKRATE/CFLUX,CFLXCH,CHD1,CHD2,ETFLUX,FLUX,FLUXS,FLXN,FLXP, 
1PUMP,PUSPCH,QKEFL,X,STOR,SUMR,SUM1,SUH2 
2,FLXR,FLXKN,FLXKH

MASS BALANCE VOLUMETRIC TOTALS

01415
01416
01417
01418
01419
01420
01421
01422
01423
01424
01425
014/0

01427
01428
01429
01430
01431
01432
01433
01434
01435
01436
01437
01438
01439
01440
01441
01442
01443
01444
01445
01446
01447
01448
01449
01450
01451
01452
01453
01454
01455
01456
01457 
0145B
01459
01460
01461
01462
01463
01464
01465
01466
01467
01468
01469
01470
01471
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foO

65

70

85

90

95

100

105

110

COMMON /CKVOLT/CFLUXT,CKXCHT,CHDT,CHST,ETFLXT,FLUXT,FLX NT, FLXPT,
IPM fCHT, PUMP T,OKET,STURT
2. FLXKNT,FLXRPf
3.TOTLl,TOTb2

MASS bALANCE - OTHER ARRAYS AND VARIABLES 

COMMON /CKARRY/UPFLOrfC 100) , FRMCLAY ( 1 00) 

GRID SIZES

LEVEL 2,Dt:LX,DELY,Dh:LZ,DELXI,DELYl,DELZI,FACTX,FACTY,FACr;i 
COMMON/Dt:LX*Z/L>k.LX(lbO) ,DEL,*(150>,OELZ(150) . DELX I ( 1 50 ) , DEL Yl ( 1 50) , 
IDELZHlbO) ,r'ACTX(lbO) , F AC! Y ( 1 50 ) , F ACTZ ( 1 50)

SPECIFIC YIELD AND SPECIFIC STORAGE

LEVEL 2,SY,SS 
COMMON/SYSS/SYU50) ,SS(150)

COMPUTATIONAL INTERMEDIATE SCALARS 

COMMON/CJSCAL/b,D,F,H,RHO,RH01,RH02,RH03,SU,Z 

SPECIFIED-HEAD DATA

LEVEL 2 ,CHFLOrf,FLEAK,IJKFLO 
COMMON /CHUA1 1/NCH,NCHAVA,NOVCH,KTRFUO
COMMON/CHUAT2/O.FLOrt( 400),FLtAK( 400),IJKFLOC 400,3)
CO^MON/KiVH/NK,NPN,NTUT,NADL'(20),NHC(20),OS(20),KU(20),KFLO*i(200), 
lUMAX(2oy),RFLOw(200),KIVtK(200),TU(200),VK(200),lNDX(2,200),a«

2D BOTTOM AND PERMEABILITY 

COMMON/BOlPRM/bOTTOMd, 1) ,PERM(1 ,1) 

RECHARGE

LEVEL 2, ORE 
COMMON/KECH/QKEC 20, 20)

WATER SURFACE

LEVEL 2,«/StlR 
COMHON/"SUHF/KSUR( 20, 20)

RIVERS

LEVEL 2/QRA 
COMMON/RIVK2/UKA( 2 20)

CYHER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2, riXA,HXB,HXC 
C0« MON/LCMA/HXCC 8000) 
COMMON /LCf H/HXACbOOO) 
CDMMON/LCMC/HX8C8000)

01472
01473
01474
01475 
0147b
01477
01478
01479
01480
01481
01492
01483
01484
01485
01486
01487
01488
01489
01490
01491
01492
01493
01494
01495
01496
01497
01498
01499
01500
01501
01502
01503
01504
01505
01506
01507
01508
01509
01510
01511
01512
01513
01514
01515
01516
01517
01518
01519
01520
01521
01522
01523
01524
01525
01526
01527
01528
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115

120

130

135

140

145

150

I5b

160

165

170

INTEGER ROW.COL 
LOGICAL TUPMST, FOUND

IF(TKACt:)CALL HKENT ( "CHECKC" )

LOOP FROM 1,NNPL - SKIP FIRST + LAST NODE OF EACH ROW + COLUMN

GRID LOOP IS ROWS NORTH TO SDUTH 
COLS WtST TO EAST 
LEVS TOP TO BOTTOM

UPFLOrf(K)=0. 
FRMCLAY(K)=0. 
NEND=NNPL-(NNPR*2) 
LFhTN=NWPR+l-NVPN 
DO 99999 LOOP=1,NEND

LOCATION OF FIRST WORD IN THIS NODE (LFWTN), WITHIN HX

LFWTN=LF*TN+NVPN

SKIP FIRST + LAST COLS OF EACH ROW

COL = MOl)(LOOP,NNPR)
IF( .NOT. (COL.GT. 1)) GO TO 9999B

SKIP MODE IF INACTIVE (T=0) 

IF(.NOT.(HXB(LFWTNtLCT).NE.O.)) GO TO 99997

WHAT ROW is THIS

AREA=DFLX(COL)*UELY(RO*}

CALCULATE COMMON INDICES

ILPHI=LF*TN+LCPHI 
ILS=LFKXN4LCS

OLD=HXB(lLPHI)-HXB(LFWTrULCXI) 
C
C STORE PHI IF THIS IS TOPMOST WATER SURFACE NODE 
C

IF(.NOT.(WSUH(ROW,COL).EO.0.0)} GO TO 99996
1FC.NOT.(K.EQ.KO)) GO TO 99994
WSUK{RO«,COL)=HXBCILPH1)
GO TO 99995 

C
C NOT TOP LAYER - STORE PHI ONLY IF NODE ABOVE IS INACTIVE (T=0) 
C 
99994 1F{.NOT.(HXA(LFWTN+LCT).EG.0.0)) GO TO 99993

WSUR(ROW,COL)=HXH(ILPH1) 
99993 CONTINUE 
99995 CONTINUE

01529
01530
01531
01532
01533
01534
01535
01535
01537
01538
01535
01540
01541
01542
01543
01544
01545
01546
01547
01548
01549
01550
01551
01552
01553
01554
01555
01556
01557
01558
01559
01560
01561
01562
01563
01564
01565
01566
01567
01568
01569
01570
01571
01572
01573
01574
01575
01576
01577
01578
01580
01581
01562
01583
01584
01586
01587
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175

180

185

190

195

200

205

210

215

220

225

C
C CALCULATE VERTICAL FLO*
C
9999o IFCK.NE.1)UPFLO*(K)=UPFLO*(K)+(HXC(ILPril)-HXBtILPHI))*HXC(LF«TN+LC

1TK)*AREA 
C 
C 
C

COMPUTE FLOW TO AND FROM SPECIFIED-HEAD BOUNDARYS 

IF(.NOT.(HXB(LKWTN+LCS).LT.0.0)) GO TO 99991

NO ROOM AVAILABLE IN SPEC I FI ED-HE A U ARRAYS - NOTE OVERFLOW AND 
MOVE THIS ROW, COL, LAYER iNTU LAST ARRAY LOCATIONS.

IFC.NOT.(KlKFLO.GE.NCHAVA)) GO TO 99989
NOVCH=NOVCH+1
KTRFLO=NCriAVA
GO TO 99990 

99989 KTRFLO=KTRFLO+1 
Q9990 CHFLOwCKTRFLU)=0.

IJKFLOCKTRFLO,1)=K
IJKFLOCKTKFLO,2)=RO*
1JKFLOCM'RFLO,3)=COL

CALCULATE OFFSETS AND INDEXES

IM1=LF*TN-NWPR 
IP1=LFWTN+N*PR 
JMI=LF«TN-NVPN
JPl=LFkTN+NVPN

ACCUMULATE PUMPAGE/IMJECTION FROM/TO SPECIFIED-HEAD NODES 

IFC .NOT. (EUM3) ) GO TO 99987
1F(. NOT. (rtXb(ll,*bL) .LT.0.0)) GO TO 99985

GO TO
99985 CFLXCH=CKLXCH+HXBCILWEL)*VOLUME 
9998b GO TO 999«H 
99*87 IK C .UOT. C rlXBC 1LWEL) .LT.0.0) ) GO TO 99983

PUMPCh=PU*PCH+hXBClLW£L)*AREA
GO TO 999ti4

99983 CFLXCH=CFLXCH+HXBClLWEL)*ARtA
99984 CONTINUE 
C
c WEST 
c
99988 IFC.NOT.CHXBCJMl+LCS).GE.0..AND.HXB(JM1+LCT).NE.O.)) GO TO 99982 

X=CHXbCILPHI)-HXbCJMl+LCPHJ))*HX & CJM1+LCTR)*DELYCROW) 
iFC.NOT.C£ON3)) GO TO V9981

9^981 CriKLO^CKTKKLU)=CHFLUWCKTRFLO)+X 
IFC.NOT.CX.LT.O.)) GO TO 99979 
CHIM = CHD1-X 
GO TO 99980

99979 CHt)
99980 CONTINUE 
C

01588
01589
01590
01591
01592 
Olb93
01594
01595
01596
01597
01598
01599
01600
01601
01602
01603
01604
01606
01608
01609
01610
01611
01612
01613
01614
01615
01616
01617
01618
01619
01620
01621
01622
01623
01624
01625 
01627 
Olb29
01631
01632
01633
01635
01637
01638
01639
01640
01641
01642
01643

01647
01648
01649
01651
01653
01654
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230

235

240

245

250

255

260

265

270

275

280

285

C EAST
C
99982 IFC.NUT.(HXdCJPl+LCS).GE.O..AND.HXBCJPl-MjCT).NE.O.)) GO TO 99978

X=CHXhClLPHI)-HXB(JPH-LCPHI))*HXHCLFWTN+UCTR)*DELYCROW)
IFC.NUT.CEOH3)) GO TO 99977

99977 CHFLOwCKTH!-LO)=CHFL,Ort(KrRFLD)+X
IFC.NUT.CX.LT.O.)) GO TO 99975
CHD1=CHD1-X
GO TO 99976 

9997b CHU2=CHU2+X 
99976 CONTINUE 
C
C DOWN 
C 
99978 Z=0.

IFC.NOT.CK.NE.l)) GO TO 99974
IFC.NOT.CHXCCILS).GE.O..AND.HXCCILT).NE.O.)) GO TO 99973
1FC.MOT.CTKLLAK)) GO TO 99971

GO TO Q9972 
99971 X=CHXHCIbt»HI)-rtXC(ILPril) ) *HXC C LFaTN+LCTK) *AREA

1FC.NDT.CX.LT.O.)) GO TO 99969
CriDl=CHUl-X
GO TO 99970

99969 CHD2=CHU2+X
99970 CONTINUE
99972 CONTINUE
99973 CONTINUE
C
C UP
C
99974 SU=0.

IFC.HOT.CK.NE.KO)) GO TO 99968 
1FC.NDT.CTKLEAK)) GO TO 99966

GO TO 99967
99966 IFC.NOT.(HXA(ILS).GE.O..AND.HXACILT).NE.O.)) GO TO 99965 

X=(HXBClLPriI)-riXA(ILPHI))*HXB(LFWTN+LCTK)*AREA

IFC.NOT.CX.bT.O.)) GO TO 99963
CHD1=CHU1-X
GO TO 99964

99963 CHD2=CHD2+X
99964 CONTINUE
99965 CONTINUE
99967 CONTINUE
C
C NORTH
C
99968 IFC .N'DT. CHXB(lMl-fLCS) .GE.O.. AND.HXh(IMl-fLCT) .NE.O. )) GO TO 99962 

X=CHXtJ(lLPHl )-HXBUMl-fLCPHl))*HXb(lMl-fLCTC)*DELXCCOL)

CHFL,Jw(MKKL,0)=CHFLOWCKTRFLO)-fX 
IFC.NOT.CX.LT.O.)) GO TO 99960 
CHIM=CHD1-X

01655
01656
01657
01656
01659
01660 
01662 
Q1663
01664
01665
01667
01669
01670
01671
01672
01673
01674
01675
01676
01677
01678
01680
01681
01682
01683
01684
01686
01688
01689
01690
01691
01692
01693
01694
01695
01696
01697
01698
01700
01701
01702
01703
01704
01705
01707
01709
01710
01711
01712
01713
01714
01715
01716
01717
01718
01719
01720
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290

295

300

305

310

315

320

325

330

GO TO 99961
99960 CHD2=CHU2+X
99961 CONTINUE
C
C SOUTH
C
99962 1F(.NOT.(HX«(IP1+LCS).GE.O.. AND.HXB(IP1+LCT}.NE.O.)) GO TO 999S9 

X = (HXH(II.PHI)-HXri(lPH-LCPHl) ) *HXb( LI wTN+LCTC ) *DLLX ( COL)

99957 
999b« 
99959

9995b
C
C
C
C
C
99991

99953 IF( .NOT. (HXridLatL) .LT.O.)) GO TO 99951
PUMH=PUMP-riXB(lLwEL)»AREA
GO TO 99952 

999bl IF(.MOT.(HXb(ILWtL).GT.O.)) GO TO 99950
CFLUX=CKLUX+HXB(ILwEL)*AREA
CONTINUE

IF(.NOT.(X.LT.O.)) GO TO 99957
CHIH=CHU1-X
GO TO 9995U
CHD2=CHD2+X
CONTINUE
IF(.NOT.CTRLEAK)) GO TO 99956
OLKAKH=-(riXB(LK*TN+LCTL)*HXb(ILPriI)-SU-Z-
FLKAK(KTRFL,U)=FLEAK(NTKFLO)+QLEAKN
GO TO 99992

NUN-SPECIFIED-HEAD NODES 

RECHARGE AND WELLS

IFC .NOT. (E(JN4) ) GO TO 99954
IF(.NOT.(K.EU.NO.AND.(RCHRG))) GO TO 99953

99950
C
C
C
99952

C 
C 
C
99948

C 
C 
C 
99946

VOLUME FROM STORAGE - BRANCH ON HATER TABLE / NON-WATER TABLE

IF(.NOT.(.NOT.wTABLE)) GO TO 99948 
STF.MP = HXH(1LS) 
GO TO 99949

ARE WE IN TOP LAYER (KO)

IF(.NUT.(K.LO.KO)) GO TO 99946 
STEMP=SK(K) 
GO TO 99947

WATER TABLE PROBLEM - HAS NODE CHANGED STATUS

340

TOP=riXb(LFwTN+LCBOT)+UELZ(K) 
IF( . NOT. (rtxn( IijPH M .GF..TDP A « n . OLD. GE. TOP ) ) GO TO 99944 
STEMP=HXB(JLS) 
GO TO 99945

99944 1F( .ti'JI. (HXB(ILPHI) . LE . TOP . AND .OLD . LE. TOP ) ) GO TO 99942 
STEHP=SY(K) 
GO TO 9994J

NODE HAS RISING HEAD + PHI IS ABOVE TOP + OLD IS BELOW TOP

01721
01723
01725
01726
01727
01728
01729
01730
01731
01732
01733
01734
01735
01737
01739
01740
01741
01742
01744
01745
01746
01747
01748
01749
01751
01752
01753
01755
01756
01757
01759
01760
01762
01763
01764
01765
01766
01767
01768
01770
01771
01772
01773
01774
01775
01776
01777
01778
01780
01781
01782 
0178J
01785
01786
01787
01788
01789
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345

350

355

360

365

370

375

380

385

390

395

IF( .NOT. (HXB(lLPHl) .GE.OLD)) GO TO 99940
STK*P=( (HXtHlLS)*(HXB(lLPHI)-TOr> ) )+( SY ( K )»( TOP-OLD) ))/ 
HHXB(lLHHi)-OLD) 
GO TO 99941

NODE HAS FALLING HEAD PHI IS BELOW TOP + OLD IS ABOVE TOP
C 
C 
C
99940 STt:«P=( (HXB(1 LS)* (OLD-TOP) )+(SY(K)*(TOP-HXB(1LPHI))))/ 

KOLD-riXBULPHI))
99941 CONTINUE
99943 CONTINUE
99V45 CONTINUE
99947 CONTINUE
C
C CALCULATE STOR
C
99949 STOR=STOK-STEMP*HXBCLFWTN+LCXI)*AREA

GO TO 9995b 
C
C RECHARGE, rtKLLS, VOLUME FROM STORAGE FOR 3D 
C 
99954 1F( .NOT.(K.EU.KO.AND.CRCHRG))) GO TO 99939

99939 IF( .NOr.(riXHdLwEL) .LT.O.)) GO TO 99937
PUMp=PUMP-HXB(lLwLL)*VOLUME
GO TO 99938 

99937 lF(.VOT.(HXb(II,wEL).NE.O.)) GO TO 99936
CFLUX = Ct-LUX + HXtHlLVi EL) * VOLUME 

99936 CONX1KUE

C
C RIVER RECHARGE TO ( + ) OR FROM |.-) AOUIFER
C LOOK AT TOPMOST ACTIVE LAYER
C
99955 1F(.NOT.(NK.GT.O)) GO TO 99935

IF(.NOT.(UKA(ROW,CUL).NE.O.)) GO TO 99934

IF(.NOT.C.NOT.TOPMST)) GO TO 99933 
TOPMST=riXA(lLT).EQ.O.

99933 1FC.NOT.(fOPMST)) GU TO 99932 
QRARCA=QkA(RO»,COL)*AREA

IF(.NOT.(UKARCA.LE.O.)) GO TO 99930 

FLOW FROM AQUIFER TO RIVER (-)

FLXRN=FLXRN-URARCA 
GO TO 99931

FLO* FROM RIVER TO AOUIFER (*)
C 
C 
C
99930 FLXRP»FLXRP+QRARCA
C
C FIND RIVER NODL FOR THIS ROW, COL AND NOTE LEVEL
C
99931 LOOPR=0

01790
01792
01793
01794
01795
01796
01797
01798
01800
01801 
01B03 
01B04
01805
01806
01807
01808
01809
01810
01811
01812
01813
01814
01816
01817
01819
01820
01821
01823
01824
01826
01827
01829
01830
01831
01832
01833
01834
01635
01836
01837
01839
01840
01841
01842
01843
01844
01845
01846
01847 
01849 
OlBiO 
01851 
01652
01854
01855
01856
01857
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400

40b

410

415

420

425

430

43i>

440

445

FOUND=. FALSE. 
99929 IFlKOIIND.Ok.LOOPR.GE.NRN) GO TO 99928

FOUND=(RU«.EU.INDX(l,LOOPR)) .AND. C COL . EQ . INDX C 2 , LOOPR ) )
GO TO 99929

99928 IF( .NOT. (FOUND) ) GO TO 99926 
C
C RFLOW CALCULATED IN RIVERQ 
C

KFLOW(LOOPR)=K
CO TO 99927 

9992b WRITKCPRFILE, 1 000 ) RO* , COL, OR A ( ROW , COL)
loou FOKMAIC IX,"RJ VEH RECHARGE NON-ZERO AT NON-RIVER NODE. Ro«=",i4," c

10L=",I4," JRA=",E12.5) 
99927 CONTINUE 
99932 CONTINUE 
99934 CONTINUE 
C
C LEAKAGE FROM CONFINING BEDS 
C 
9993b IF( .NOT. (TRLEAK)) GO TO 99925

Z = 0.0
SU=0.0

lFCK.NK.KO)SU=HXH(LFwTN+LCTLK)*HXA(lLPHI)
QLEAKiY = -(rtXhlLt * TN + LCTL) * HXb ( I LPhI ) -SU-Z-HXB CLFWTN+LCSL) ) * AREA
1FC.NOT. (JLLAKN.LT.0.0)) GO TO 99923
FLXN = FLXN-CJLEAKN
GO TO 99924

99923 FLXP = FIJ XPtULEAKN 
99424 FRKCLAY(K)=FRMCLAY(K)+QLEAKN 
99926 CONTINUE 
99992 CONTINUE 
99997 COKTINUE 
9999B CONTINUE 
99999 CONTINUE 
C
c WHITE HEADS TO HDUMP FILE IF END OF PUMPING PERIOD AND PHIDHP=.T. 
c

IF(.NOT.(FINLTS.E0.1.AND.(PHIDMP))) GO TO 99922

DUMP CONSISTS OF 2 BINARY RECORDS FOR EACH LAYER 
RECORD 1 PUMP PERIOD

NUMbEH OF LAYERS IN MODEL 
NUMbER OF THIS LAYER 
NUMBER OF ROWS 
NUMBER OF COLUMNS

RECORD 2 PHI, BY ROWS, NORTH TO SOUTH AND COLUMNS WEST TO EAS 

Fiij£ IS TtKMiNAic.M Nilri r\c-LuKD i EQUAL TO ZEnuG

45b

WRITE(HDUrtP)KP,KO,K.JO,10 
IPH1=LCPHI+1
WRITE(HDUMP)(HXtt(LOOP),LOOP=IPHI,NrfPL,NVPN) 

99922 RETURN 
END

01658 
01B59 
01U60 
01861 
01B62
01863
01864
01865
01866
01867
01868
01870
01871
01872
01874
01875
01876
01877
01878
01879
01880
01881
01882
01883
01884 
018S5
01886
01887
01888
01890
01892
01894
01895
01896
01897
01897
01898
01899
01900
01901
01902
01903
01904
01905
01906
01907
01908
01909
01910
01911
v i y i *

01913
01914
01915
01916
01918
01919
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10

15

20

25

30

35

40

45 .

50

55

SUBROUTINE CHECKA

MASS BALANCE - 3RD LAYER FROM TOP AND EVERY 3RD LAYER MOVING 
DOWNWARD.

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,ERFLAG,F1NLTS
LOGICAL TRACE,UShLCM,USk)KMS,USEB10,MF6000,MF7000

COMMON/VUFFST/LCPHIjLCWEL^LCSTl^LCr.UCS.LCTR^CTC.LCTKjLCEL, 
1LCFL,LCGL,I,CV,LCX1, 
2LCBOT,LCP£RK,
3LCTL,LCfLK,LCSL,LCZCB,LCRATE, 
4NVPN,NNHK,UuPC,NNPL,NNAL,NrtPR,NWPC,NrfPL,NkAL,TRACE,TDDAY
COMMON/ KFSJZE /USE LCM,USERMS,USEBIO,MFbOOO,MF7000,NKDLCM, 
ILCMPTR(ISO)

LOOP, ROW, COLUMN, LAYER POINTERS

COMMON /LOOPS/I, J, K, i 0, JO, KO, I 1,J1,K 1,1 2, J2,K2

ITERATION AND TIME PARAMETERS

LOGICAL LITSIP,LITPIS,MBALPR,CNVRG
COMMON /I TP ARM /KP,KT, I T , NPER , NUMT , MQDPR , MBALPR , ITMAX , ITMX 1 , NRHOP , 
lRriOP(20),wNAX,CHVRG,ITTS(200),DAMP,LITSlP,LITPIS

OPTION DEFINITIONS

LOGICAL WTABUE,KCHRG,TRLEAK,EQN3,EQN4 
CDMMON/DPTDEF/rtTABbE,TRLtAK,RCHRG,EGN3,EQN4

I/O FILLS

INTEGER h DUMP, BA KIN, BAKDur,PRFILE,OBSFIL 
COMMON/10FILE/HDUMP,META,BAK1N,BAKDUT,INF1LE,PRFILE,OBSFIL

LISTING/DUMP POINTERS

LOGICAL DMP1T,DMPTS,DMPPP,DMPVAR,PHIDMP 
1,D.MPRIV
COMMON/DMPPTR/DMPIT,DMPTS,DMPPP,DMPVAR,PHIDMP 
1,DMPRIV

CHECK/MASS BALANCE PARAMETERS

MASS BALANCE RATES

COMMON/CKRATE/CFLUX,CFLXCH,CHD1,CHD2,ETFLUX,FLUX,FLUXS,FLXN,FLXP, 
lPUMP,PUMHCM,CiKF,FLX,STOf<,SU«H,SUMl ,SUM2 
2,F'LXR,FLXRN,FLXRP

MASS BALANCE VOLUMETRIC TOTALS

01920
01921
01922
01923
01924
01925
01926
01927
01928
01929
01930
01931
01932
01933
01934
01935
01936
01937 
0193B
01939
01940
01941
01942
01943
01944
01945
01946
01947
01948
01949
01950
01951
01952
01953
01954
01955 
0195b 
01957 
01956
01959
01960
01961
01962
01963
01964
01965
01966
01967
01968

01970
01971
01972
01973
01974
01975
01976
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60

65

70

75

80

85

90

95

100

105

110

CCMMON/CKVOLT/CFLUXT,CFXCHT,CHDT,CHST,ETFLXT,FLUXT,FLXNT,FLXPT, 
1PMPCHT,PIIMPT,QKKT,STORT
2.FLXRNT,KLXKPT
3.TOTL1,TOTL2

MASS BALANCE - OTHER ARRAYS AND VARIABLES 

COMMON/CKARKY/UPFLOWt 100) , FRMCLA Y ( 1 00) 

GRIP! SIZES

LEVEL 2,1>ELX,DKLY,UELZ,DELXI , DELY I , DELZ I , FACTX , FACTY , FACTZ 
COMMON /Uk-LXYZ/UELX I lbO),OELYU5(»,Ofc.Lii(150),[)ELXIClbO),DELYl(150), 
lDEL4I(lbO),FACTX(lbO),KACrYll50),FACT2(150)

SPECIFIC YIELD AND SPECIFIC STORAGE

LEVEL 2,SY,SS 
COMMUN/SYSS/SY(150) , SSU50)

COMPUTATIONAL INTERMEDIATE SCALARS 

CDMMON/ClSCAL/b,D,F,H,RHO,RH01 , RHD2 , RH03 , SU , Z 

SPECIF1ED-HEAD DATA

LEVEL 2 ,CHFLDW,FLEAK,IJKFLD 
COMMUN/CriDATl/NCH,NCHAVA,NOVCH,KTRFLO
CC)MMUN/CriUAT2/CHFLOrt( 40ll),FLEAK( 400),IJKFLOt 400,3)
COMMUN/KHfK/NH,fJRN,NTOT,NADD(20) , NRC ( 20 ) , OS ( 20 ) , RO ( 20 ) , KFLO* { 200) , 

,RFLOw(200) ,KlVc;K(200),TOC200KVK(200),INDX(2,200),UR

2D BOTTOM AND PERMEABILITY 

COM MON/BOTPRH /BOTTOM ( 1,1) ,PERM(1, 1) 

RECHARGE

LEVEL 2, ORE 
CUMMON/KECH/ORE( 20, 20)

KATER SURFACE

LEVEL 2,wSUR 
COMMON/WSURF/WSURC 20, 20)

RIVERS

l.fVF.l. 7.URA 
COMMOU/R1VR2/ORA( 20, 20)

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2, HXA,HXB,KXC 
COMMON/LCMA/HXB(«000) 
COMMOH/LCMri/hXC(BOOO) 
COMHON/LCMC/HXA(ftOOO)

01977
01978
01979 
01*80
01981
01982
01983
01984
01985
01986
01987
01988
01989
01990
01991
01992
01993
01994
01995
01996
01997
01998
01999
02000
02001
02002
02003
02004
02005
02006
02007
02008
02009
02010
02011
02012
02013
02014
02015
02016
02017 
0201«
02019
02020
02021
02022
02023
02024
02025
02026
02027 
0202B
02029
02030
02031
02032
02033
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115

120

125

130

135

140

145

150

155

160

165

170

c

c
c
c
c
c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c
99994

99993
99995

INTEGER ROfc.COL
LOGICAL TOPHSf, FOUND

IF(TRACE)CALL PkENTC "CHECK A" )

LOOP FROM 1,NNPL - SKIP FIRST + LAST NODE UF EACH ROW <• COLUMN

GRID LOOP IS ROWS NORTH TO SOUTH
CULS WLST TO EAST
LEVS TOP TO BOTTOM

UPFLO*(K)=0.
FRMCL4Y(K)=0.
Nfc,ND=NNPL-(NNPR*2)
LF«TM = N'WP«+1-NVPN
DO 99499 LOOP=1,NEND

LOCATION OF FIRST WORD IN THIS NODE (LFWTN), WITHIN HX

LF*TN=LFwTN+NVPN

SKIP FIRST * LAST COLS OF EACH ROW

COL = KD(KLOOP,NNPR)
IFC.KDl .(COL.GT.l)) GO TO 99998

SKIP NODE IF INACTIVE cr=o)

IF( .NOT. (riXB(LF*TN+LCT) .NE.O.) ) GO TO 99997

WHAT ROW IS THIS

ROw=LFWTN/NriPK+l
AREA = l>KbX(COL)*DELY(ROW)
VULUME = ARt-:A»DEL^(K)

CALCULATE COMMON INDICES

ILPHI=UwTN4-LCPHI
1LS=LFWTN+LCS
1LT=LF*TN+LCT
ILWEL=LK*1N+LCWEL
DLD = HXB(1LPH1)-HXB(LFWTN4-LCXI)

STOKE PHI IF ThIS IS TOPMOST WATER SURFACE NODE

IF( .NOT. (*SUR(KOW,CUL) .EO.0.0) ) GO TO 99996
IF( .NDT. (K.EU.KO) ) GO TO 99994

GO TO 99995

NOT TOP LAKER - STORE PHI ONLY IF NODE ABOVE IS INACTIVE (T=0)

IF( .NOT. (HXA(LK*TN«-LCT) .EO.0.0)) GO 10 99993
rtSUR(RO«,COL)=HXB(lLPHI)
CONTINUE
CONTINUE

02034
02035
02036
02037
02038
02039
02040
02041
02042
07043
02044
02045
02046
02047
02048
02049
02050
02051
02052
02053
02054
02055
0205t>
02057
02058
02059
02060
02061
02062
02063
02064
02065
02066
02067
02068
02069
02070
02071
02072
02073
02074
02075
02076
02077
02078
02079
02080
02081 
02062
02083
02085
020S6
02087
02088
02089
02091
02092
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175

180

185

190

195

200

20b

210

215

220

225

C CALCULATE VERTICAL FLO*
C
99996 1F(K.NF..1)UPFLU*(K)=UPFLOW(K) + (HXC(ILPH1)-HXB(1LPHI) )»HXC(LFWTN+LC

ll'K)*AKEA 
C 
C COKPUFK FLU* TU AND FROM SPECI F1ED-HEAD BOUNDARY

1FC.NOT. (HXB(LF*T«+LCS) .LI. 0.0) ) GO TO 99991

NO ROOM AVAILABLE IN SPECI FI liD-HEAD ARRAYS - MOTE OVERFLOW AND 
WOVE THli> r(U«,C — L. » L A Y E R I i> T 3 L A £> T A K R A » u C C A T 1 C .'.' C •

IFC.NOT.(KTKFLO.Gt.KCHAVA)) GO TO 99989
N3VCH=NUVCH+1
KTRFLO=NCHAVA
GO TO 99990 

99989 KTKFLU=K1KFLO+1 
99WSO CHFLUrt(KTKFLU)=0.

IJKFLtHKTRf LO, 1 )=K
IJKFLU(KTRFLO,2)=ROW
1 JKFLlXKfKKLO, 3)=COL 

C
C CALCULATE UFFSKTS AND INDEXES 
C

iMl=LF*'TN-NWPR

99985 
9<*9Bo 
99987

999H3
99984
C
C
C
99988

JM1=LFW1N-NVPN 
JP1 =LFWTN+NVPN

ACCUMULATE PUMpAGE/lN JECTION FROM/TO SPECIF1ED-KEAD NODES

IFC.N9T. (EM3)> GO TO 99987
IFC.fJJT. (HXb(lL^EL) .LT.0.0)) GO TO 99985
PUMPCK=HUMPCH-rtXBClL*EL)*VOLUME
GO TO 9998b
CKLXCH=CFLXCH+HXB(ILWEL)*VOLUKE
GO TO 999tJb
IF(. MOT. (HX6(iL«EL) .LT.0.0)) GO TO 99983
PUMPCH-HUMPCH+HX9(1LW£L)*AREA
GO TU 99984

CONTINUE 

WEST

!(••( .NOT.(HX8( JM1 + LCS) .GE.O. .AND.KXBC JM14LCT) .NE.O.)) GO TO 99982 
X = (riXBf ILPHI)-riXB( JM1+-LCPH1))»HXB( JM1+LCTR ) *DEL¥ ( ROW ) 
IF(.NUr.(tUN3)) GO TO 99V81 
X=X*DEL2(K)

IFC.N01.(X.LT.O.)) GO TO 99979
CHD1=CHD1-X
GO TO 99980 

9Q979 CriD2=CH02tX 
99980 CONTIMUE 
C

02093
02094
02095
02096
02097
02098
02099
02100
02101
02102
02103
02104
02105
02106
02107
02108
02109
02111
02113
02114
02115
02116
02117
02118
02119
02120
02121
02122
02123
02124
02125
02226
02127
02128
02129
02130 
02132 
02134 
0213b
02137
02138
02140
02142
02143
02144
02145
02146
02147
02148
02149 
C2151
02152
02153
02154
02156
02158
02159
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230

235

240

245

250

255

260

265

270

275

280

2Bb

C EAST
C
99982 IFC.NOT.CHXBCJPl+tCS).GE.O..AND.HXBCJPl+LCT).NE.O.)) GO TO 99978

X = (rtXBCILPMl)-HXBlJHH-l,CPHl) ) * HXb C LKWTN + LCTR ) *DELY C HOW )
1FC.NOT.CEUW3)) GO TO 99977

99977 CHFLOWCKTKb LO ) =CHFLOW C KTRFt.O) +X 
1FC.MOT.CX.LT.O.)) GO TO 99975 
CHD1=CHD1-X 
GO TO 99976 
CHI)2 = CHD2 + X 
CONTINUE

99975
99976
C
C
C
99978

DOWN

= 0.
1FC.NOT.CK.Nb.l)) GO TO 99974
IFC. NOT. (HXCULS).GE.O.. AND. HXCC1LT). NE.O.)) GO TO 99973
1FC.NOT.CTKLKAK)) GO TO 99971
Z = HXCCLFwrN^LCTL.K)*HXCCILPHI)
GO TO 99972 

99971 X=CHXb(ILPHI)-HXCCILPHI))*HXCCLFWTN+LCTK)*AREA
CHFLUWCKTkKLO)=CHFLOWCKTKFl,0) + X
IFC .NOT.CX.L.T.O.)) GO TO 999b9
CK01=CHL>1-X
GO TO 99970 

999b9 
99970
99972
99973 
C 
C 
C
99974

CONTINUE 
CONTINUE 
CONTINUE

UP

SU = 0.
IFC.NDT.CK.NE.KO)) GO TO 99968
1F(.NOT.(TKLEAK)) GU TO 99966
SU = HXB(LK"TN-»-LCTLK)*HXA(ILPHI)
GO TO 99967 

99966 1F( .NOT. (HXA(luS) . GE . 0 . . Af.'D. HX A (I LT) .NE.O.)) GO TO 99965
X = (HXB(ILPHI)-HXA(IL.PH1) ) * HX8( LF^TN + LCTK ) * AREA
CHFlJUh'(KTKKLU)=CHFLO*(KTKFLO) + X
1F(.NOT.(X.LT.O.)) GO TO 99963
CHtJl=ChDl-X
GO TO 99964 

99963 CH02=CHD2+X 
99V64 CONTINUE 
999bb CONTINUE 
99967 CONTINUE

C
C 
9996B

NORTH

JF{.NOT.(riXh( IMULCS).GE.O..AND.HXBdMl+LCD .NE.O.) ) GO TO 99962 
X = (HXB(llJ HHl)-HXHCIMl-»LCPHI))*riXB(IMl+tCTC)*DELX(C01j)

CHFLOw(KTKFLU)=CHKLOtfCKTKFLO)+X 
IFC.NOT.CX.LT.O.)) GO TO 99960 
CHD1=CHU1-X

02160
02161
02162
02163
02164
02165
02167
02168
02169
02170
02172
02174
02175
02176
02177
02178
02179
02180
02181
02182
02183
02185
02166
02187
02168
02189
02191
02193
02194
02195
02196
02197
02196
02199
02200
02201
02202
02203
02205
02206
02207
02208
02209
02210
02212
02214
02215
02216
02217
02218
02219
02220
02221
02222
02223
02224
02225
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290

295

300

305

310

315

320

325

330

335

340

99960
99961
C
C
C
99962

99957
99958
99959

99956
C
C
C
C
C
99991

99953

99951

99950
C
C
C
99952

C
C
C
99948

C
C
C
2 ',' '} ". t

99944

C
C

GO TO 99961
CHI-'2 = CHL)2 + X
CONTINUE

SOUTH

1F( .NOT. (HXB(1P1+LCS) .GF.O. . AN [>. HXB ( I PI + LCT) .NE.O. )) GO TO 99959
X = (MXB(ILHril)-HXBUPl+LCPHI) ) * HXH ( Lfr WTN +LCTC) *DELX (COL)
IF(EONJ)X=X*OELZ(K)
CHF'LOrt(tvrKKLO)=CHKLOW(KTkFLQ)+X

CHD1=CHD1-X
GD TO 99958
CHD2=CHD2+X
CONTINUE
IK( .NOT. (TKLKAM ) GO TO 99956
OLbAKN = -(«Xb(LFwTN-»LCTL)*HXB(lL,PHI)-SU-Z-HXB(LFWTN + LCSL))*AREA
KLEAK(KTKFL.U) = FLEAK(KTKFLO)+QLEAKN
GO TO 99992

NON-SPECIFIED-HEAD NODES

RECHARGE AND »ELLS

IFC.NOT. (EUN4) ) GO TO 99954
IF( .NOT.CK.EO.KO.AND. (KCrikG) ) ) GO TO 99953
ORE FLX=UKtFLX + (lKECROW, COL)* AREA
IF( .NOT. (riXB( il,*KL) .LT.O. )) GO TO 99951
PUMP=PUMp-HXB( 1LWEL) *AKEA
GO TO 99952
IF(.NOT.(HXB(1LWEL).GT.O.)) GO TO 99950
CKLUX = CFLUXi-HXB(ILfctL)*AREA
CONTINUE

VOLUME FROM STORAGE - BRANCH ON WATER TABLE / NON-WATER TABLE

IF(.NOT.C.NOT.aTABLE)) GJ TO 99948
STEKP=HXb(lLS)
GO TO 99949

ARE WE IN TOP LAYER (KO)

iFC.NOT.(K.t-O.KO)) GO TO 99946
STEMP=S¥ I K)
GO TO 99947

WATER TABLE PROBLEM - HAS NODE CHANGED STATUS

T 0 P ~ H X H. ( L F f1 T N * L C H 0 T ̂ •• DEL 7 ' v ̂
I."(.NOT. (HXB(ILPHl) .GE.TOP. AND . OLD. GE. TOP) ) GO TO 99944
STEMP=HXb( ILS)
GO TO 99945
1F( .NOT. (riXti(ILPHI).LE.TOP.AND.OLD.LE.TOP)) GO TO 99942
STEMP = Sy ( K.)
GO TO 99943

NODE HAS RISING HEAD + PHI IS ABOVE TOP + OLD IS BELOW TOP

02226
02228
02230
02231
02232
02233
02234
02235
02236
02237
0222°
02239
02240
02242
02244
02245
02246
02247
02249
02250
02251
02252
02253
02254
02256
02257
02258
02260
02261
02262
02264
02265
02267
02268
02269
02270
02271
02272
02273
02275
02276
02277
02278
02279
02280
02281
02282
02283
02285
02286
02287
02288
02290
02291
02292
02293
02294
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345

350

355

360

365

370

375

380

385

390

395

99942 IF(.NOT.(HXB(lLPrtl).GE.OLD)) GO TO 99940
SrEMP=((HXB(lLS)*(HXB( ILPHD-TOP) ) 4 ( SY ( K )*( TOP-OLD) ))/ 

1 (HXB( 1LPHD-OLD)
GO TO 99941 

C
C NODE HAS FALLING HEAD + PHI IS BELOW TOP + OLD IS ABOVE TOP 
C
99940 STKKP=((HXB(1LS)* (OLD-TOP) )+• ( SH K) * ( TOP-HXB ( I LPHI ) ) ) ) / 

KOLD-HXB(ILPhl))
999-;: CONTINUE 
99943 CONTINUE 
99945 CONTINUE 
9994V CONTINUE
C
C CALCULATE STOR
C
99949 STOK = STOR-STEKP*HX8(LFWTN-t-LCXI)*AREA

GO TO 99955 
C
C RECHARGE, HELLS, VOLUME FROM STORAGE FOR 3D 
C 
99954 IFC.NOT.(K.EO.KO.AND.(«CHRG))) GO TO 99939

UKLFLX = QKEFLX4(jr<E(KUrf,COD*VOLUME 
99939 IK( .NOT. (HXt}(lL*EL) .LT.O. )) GO TO 99937

PUMP=PUMP-rtXB(lLwED*VOLUME
GO TO 999J8 

99937 IF(.NOr.(HXB(iLWELi) .NE.O.)) GO TO 99936
Cff>UX = CFLUX-t-HXB( I LULL)*VOLUME 

9993o CONTINUE
9993H SrOR = STOR-HXB(lLS)*hXb(LFi»TN4LCXI)*VDLUME 
C
C RIVER RECHARGE TO (+) OR FROM (-) AQUIFER 
C LOOK AT TOPMOST ACTIVE LAYER 
C 
99955 IFC.NOT.(NH.GT.O)) GO TO 99935

IFC.NOT.(UKA(RO«,COL).NE.O.)) GO TO 99934

IFC.NOT.(.NOT.TOPMST)) GO TO 99933 
fOPMST=hXA(ILT).EQ.O.

99933 IM.NDT.(fOPKSTJ) GU TO 99932 
= UHA(HO«,COL)*AREA

IKC.NOT.(UHARCA.LE.O.)) GO TO 99930 

FLOw FROM AOU1FER TO RIVER (-)

FLXRN=KLXRN-ORARCA 
GO TO 99931

FLOW FROM RIVER TO AQUIFER (+•)
C 
C 
C
99930 FLXRP=FLXRP+QRARCA
C
C FIND RIVER NODE FOR THIS RDrf, COL AND NOTE LEVEL
C
99931 LOOPR=0

02295
02297
02298
02299
02300
02301
02302
02303
02305
02306
02302
02309
02310
02311
02312
02313
02314
02315
02316
02317
02318
02319
02321
02322
02324
02325
02326
02328
02329
02331
02332
02334
02335
02336
02337
02338
02339
02340
02341
02342
02344
02345
02346
02347
02348
02349
02350
02351
02352 
0/354
02355
02356
02357
02359
02360
02361
02362
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400

405

410

415

420

425

430

43b

440

445

450

45b

FOUND=.FALSE.
9992V IF(KJUUD.OR.LOOPR.GE.NRN) GO TO 99928 

LOOPR=LOOPR-U
FOUNO=(RU*.EU.INDX(1 ,LOOPR)) .AND.(COL.EU.1NDX(2,LOOPR)) 
GO TU ^9929 
1F(.NOV.(FOUND)) GO TO 999269992H 

C 
C 
C

9992b 
1000

99927
99932
99934 
C 
C 
C
99935

99923
99924
99925
99992
99997
99998
99999 
C 
C 
C

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C

RFLOW CALCULATED IN R1VERO

KFLOW(LOOPR)=K 
GO TO 99927
WRITE(PRFlLE,100u;KUW,COL,URAlROW,COL)
F3PKATC lX,"RIVk.R RECHARGE NON-ZERO AT NON-RIVER NODE. RO*f = ",I4," C 
10L=",I4," URA = ",F.12.b) 
CONTINUE - 
CONTINUE 
CONTINUE

LEAKAGE FROM CONFINING BEDS

IF(.NOT.(TRLEAK)) GO TO 99925
Z=0.0
SU=0.0
IF(K.NE.l )Z = HXCU.H *<TN +LCTLK ) *HXC ( 1 LPHI )
IF(K.NE.KO)SU=HXK(LFwTN+LCTLK)*HXA(1LPHI)
QLKAKN=-(HXH(LF WTNt-LCTL) *nXB ( I LPHI) -SU-Z-HXB ( LFWTN+LCSL) ) * AREA
1F(.NOT.(OLEAKN.LT.0.0)) GO TO 99923
FLXN = FLXtJ-(/LEAKN
GO TO 99924
FLXP = FLXP-»-OLFAKN
FKMCLAY(K)=FKrtCLAY(K)+QLeAKN
CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE

WRITE HEADS TO HDUMP FILE IF END OF PUMPING PERIOD AND PHIDMP=.T. 

IF(.NOT.(FINLTS.E0.1.AND.(PHIDMP))) GO TO 99922

DUMP CONSISTS OF 2 BINARY RECORDS FOR EACH LAYER 
RECORD 1 PUMP PERIOD

NUMBt.K UF LAYERS IN MODEL 
NUMUF.K OF THIS LAYER 
NUMBER OF ROWS 
NUMBER OF COLUMNS

RECORD 2 PHI, BY ROWS, NORTH TO SOUTH AND COLUMNS WEST TO EAS 

FILE IS TERMINATED WITH KtCURD 1 tUUAL 11)

WRITF.fHDUMP)KP,KO,K,JO,IO 
!PHI = LCPHIt-l
WRITK(HDUMH)(HXB(LOOP),LOOP= I PHI,NWPL,NVPN) 

99922 RETURN 
END

02363
02364
02365
02366
02367
02368
02369
02370
02371
02372
02373
02375
02376
02377
02379
02380
02381
02362
02383
02384
02385
02386
02387 
0238B
02389
02390
02391
02392
02393
02395
02397
02399
02400
02401
02402
02402
02403
02404
02405
02406
02407
02408
02409
02410
02411
02412
02413
02414
02415 
0241b 
0 /. 417
02416
02419
02420
02421
02423
02424
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10

15

20

25

30

35

40

45

SUBROUTINE COMPN(rfOKD,V,IV,Nl ,N2)

COMPUTE NUMERIC VALUE OF xORD (A10), CHARACTERS Nl THRU N2 
VAL= FLOATING PT. VALUE
iVAL=irm:Gt,R VALUE

ENTRY COMPN TREATS LEADING t TRAILING BLANKS AS ZERO.
EX: "1234 " = 1234000. 

ENTRY COMPNL IGNORES TRAILING BLANKS.
EX: "1234 " = 1234.

LOGICAL TRAIL 
INTEGER CHAR

TRA1L=.'TRUE. 
IF(TRAJL) GO TO 99999

ALTERNATE ENTRY POINT COMPNL - IGNORE TRAILING BLANKS

ENTRY COMPNL, 
TRAIL=.FALSE, 

99999 AMULT=.l
IVAL=IPT=0
SIGN=1
VAL=FRACT=0.
DEC=1.
ESIGN=1.
IEXP=0
EVAL=0.

C 
C 
C

9999« 
C 
C 
C

MAIN LOOP

NrNl
1FCN.GT.N2) GO TO 99997

PICK OFF CHARACTER AS Rl (CDC DEPENDENT DISPLAY CODE)

LSF=N*6 
CHAR=SHIFf(rfORD,LSF).AND.77b

IS CHARACTER NUMERIC, +, -, ., E

IF(.NOT.(CHAR.E0.1R.)) GO TO 99995
1PT=1
GO TO 99996 

9999b 1F( .NOT. (CHAH.F.0.1RE) ) GO TO 99993
1EXP=1
GO fJ 99994 

99993 1FC.NOT.(CHAR.NE.1R+D) GO TO 99992
IF(.NDl.CCriAR.EU.lK-)) GO TO 99990
IF( .K'OT. C1EXP.EO. 1) ) GO TO 99988

99988 
999HS 
C

ESIGN=-1. 
GO TO 99989 
SIGN=-1. 
GO TO 99991

02425
02426
02427
02428
02429
02430
02431
02432
02433
02434
02435 
0243C,
02437
02438
02439
02440
02441
02442
02443
02444
02445
02446
02448
02449
02450
02451
02452
02453
02454
02455
02456
02457
02458
02459
02460
02461
02462
02463
02464
02465
02466
02467
02468
02469
02470
02471
02473
02474
02475
02477
02476
02479
02479
02479
02480
02481
02483
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60

6b

70

75

80

85

90

C 
C 
C
99982
19983

C 
C 
C
99986 
V99H7
99991
99992
99994
99996

C 
C 
C 
99*97

SUBTRACT 33B FKOM CHAR TO SET RANGE FROM 0-9 OR 22B (BLANK)

CHAR=CHAK-33B
IF(CHAK.tvJ.22».AND.(TRAlL))CHAR = 0 
JF( .NUT. (CriAR.(,b.U. AND.CHAR.LE.9) ) GO TO 999b6 
1F(.NOT.(JEXP.KU.1)) GO TO 999B4

CALCULATE EXPONENT - DECIMAL EXP NOT ALLOWED CEG, XXX E+8.3)

EVAL=EVAL*10.fCHAR
GO TO 99VB5
ih ( .NUT. ( ifl .tu. 1 1 > ^0 Tu *9982

CALCULATE DECIMAL (FRACTIONAL) PORTION

DEC=DEC*AHULT
FRACT = FKACT+(CHAR»Dt:C)
GO TO 99983

CALCULATE INTEGER PORTION

IVAL=(IVAL*10)tCHAR
CONTINUE
GO TO 99987

INVALID CHARACTER - IGNORE

CONTINUE
CJNT1NUE
CONTINUE
CONTINUE
CONTINUE
N = Ntl
GO TO 99998

ASSEMBLE COMPLETE NUMBER

VAL=SIGN*((IVAL+FRACT)»(10.**(ES1GN*EVAL)))
V = VAL
IV=VAL
RETURN
END

02484 
0248b
02486
02487
02488
02489
02490
02491
02492
02493
02494
02496
02497
02498
02499
02500
02501
02502
02504
02505
02506
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02512
02513
02514
02515
02517
02518
02519
02520
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02527
02528
02529
02530

573



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

10
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20
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40

45

SUBROUTINE HYDKOG

PLOT HYDROGRAPHS, USING METAPLOT

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,KRKLAG,FINLTS
LOGICAL TKACE,lKSbLCM,USEkMS,USEl>lO,KF6000,MF7000

COMf'ON/VGH-6T/LCPrtI,LC«EL,LCSlR,LCT,LCi>,LCTR,Lr:TC,LCTK,LCEL, 
1 LCFL , LCGl,, LC V . LCX 1 . 
2LCbOr,LCPEKK, 
3LCTL,I.C1LK,LCSI,,LCZCB,LCRATE,

COMMOfJ/MhS12E/USELCM,USERMS,USEB10,MF6000,MF7000,NrtOLCM, 
1LCMPTRC150)

TIME RELATED SCAUARS

COMMON/TSCAL/CULT,L>ELT t DELrMi,OAYS,D*YSP,HRS,SMIN,SUM r SUMP,TMAX, 
1YRS.YRSP

ITERATION AND TIME PARAMETERS

LOGICAL LITSIP,L1TP1S,*BALPR,CNVRG
COMMQN/ITPARM/KP, KT,1T,NPEK, NUMT , MOOPK , MB ALPR , I TM AX , ITMX 1 , NRHOP , 
1RHUP(2DJ,WMAX,CNVKG,1TTS(200J,DAMP,LITSIP,L1TPIS

1/0 FILES

INTEGER HUUMP, HAKIM, hAKUUT,PRF!LE,OBSFIL 
COMVON/1CJFILE/HUUMP,META,BAMN,BAKOUT,INFILE,PRFILE,OBSFIL

HEADINGS

INTEGER HEADNG,VNAME
COMMON /HDG/riLADNG( 14) ,VNAME(25)

HYDROGRAPHS

LEVEL 2,IHYD,JHYO,KHYD,TrtYD,CONHYD,SCAHYD,HYD,HINlT,TINIT 
COMMON/HVGJ/NHGKAF,NTS
CUMMON/riYG2/IHVU(10), JHYD( 10),KHYDC10),THYD(100) ,CONHYD(10) , 
lSCAHn>UO),HYD(10, 100), HIM 11(10), TINIT

OBSERVED riYDRUGHAPH DATA

LEVEL 2,lriYDOtJ,NPrOB, Jri YDDa , KH if DOB , THYDOB, H YDOB 
COM^ON/HYGUbl /NHGOtt
COMHON/HYGUB2/I HYODBf lO).JHynnB(10).KHyDOBflO) f THYDOH(JO.inni. 
JHYUUU(10,100),NPTOtt(10) 
INTEGK'K TtXf(4) 
INTEGER LABEL(13) 
lF(fKACE)CALL PRENT ( "ri YDROG " )

LOOP ON NUMBER OF HYDROGRAPHS

02531
02532
02533
02534
02535
02536
02537
02538
02539
02540
02541 
0254?
02543
02544
02545
02546
02547
02548
02549
02550
02551
02552
02553
02554
02555
02556
02557
02558
02559
02560 
0256J
02562
02563
02564
02565
02566
02567
02568
02569
02570
02571
02572
02573
02574
02575
02576
02577 
0257H
02579
02580 
07SR1
02582
02583
02584
02585 
02b8b 
02587
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60

65

70

75

eo

85

90

95

100

105

110

IF( .NJT. (NHGRAF.GT.O)) GO TO 99999
DO 9999B LOOP= J ,NHGRAF
1F( .NOT. (N1S.GT.O)) GO TO 99997
TM1N=10.L10
TMAX=-THIN
DO 99496 1=1, NTS
IFUHYD(l) . LT.TMIN)T*!JN =
lF(THYO(l).GT.TMAXri>AX =
CONTINUE

CHECK FOR OBSERVED HYDROGRAPHS AT THIS NODE

IF( .NOT. (NPTUrt(LOOP) .GT.O)) GO TO 99995
IEND=MPTOb(LOOP)
DO 99994 I=1,IEND
1 F (Trl Y DUB ( LOOP, 1 ) . LT . TMI N ) TMIN=Tri Y DOB ( LOOP , I )
1F(THYDOB(LOOP,1) . GT . TV AX ) TM AX=TH YDOB ( LOOP , I )
CONTINUE

CONSIDER INITIAL TIME FOR TMIN

TMIN=A*I Nl( THIN, TINIf)

HOW LARGE SHOULD HYDKOGRAPH BE

HMIN=10.E10
HMAX=-HMIN
DO 99993 1=1, NTS
1F(MYD(LOUP, I ) ,LT.H*JM)HMIN=HYD(LOOP,I)
IF(riYD(LOUP,I).GT.HMAX)H«<AX = HYO(LOOP f I)
CONTINUE

CHECK FOR OBSERVED HYDROGRAPHS AGAIN 

IF(.NOT.(NPT08(LOOP) .GT.O)) GO TO 99992

99994 
C 
C 
C
99995 
C 
C 
C

99993 
C 
C 
C

DO 99991 1=1,1KND
IF(HYDOW(LOOP,I).L,T.hMlN)HMIN = t
IF(riYDOB(LOOP,I).Gf.HMAX)HMAX=^ 

99991 CONTINUE 
C
C IHYD HAS BEEU SET TO (-) FOR DRAWDOWN HYDROGRAPHS 
C AND SLT TO ( + ) FOR HEAD HYDROGRAPHS

JLl=IAbS(lHYD(LOOP)) 
JJ = JHYO(l.OOP) 
KK=KHYD(LOOP)

CONSIDER INITIAL HEARS FOR HMAX AND HMIN

HM1N=AM1M (HM1N,H1U1T(LOOP)} 
HMAX=AMAX1 (HMAX, MINI T( LOOP))

DEFAULT TO 40 FT/INCH VERTICAL IF CONHYD NOT DEFINED 

IF(CONHYD(LOOP) .LE.O. ) CONHYD ( LOOP) =40 .

02588
02589
02590
02591
02592
02593
02594
02595
02596
02597
02598
02599
02600 
02b01
02602
02603
02604
02605 
02b06
02608
02609
02610
02611
02612
02613
02614
02615
02616
02617
02658
02619
02620
02621
02622
02623
02624
02625
02626
02627
02628
02629
02631
02632
02633
02634
02635
02636
02637
0 -* f n n 

f. VJ u

02639
02640
02641
02642
02643
02644
02645
02646

575



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

115

120

130

135

140

145

150

155

IbO

165

170

XM AX = AVIN1 ( 12., NLOGC*AbS(SC AH Y0( LOOP ))*•!.) 
1F(XMAX.LT.2.)XMAX=2. 
1F( .NOT. (Xi-AX.L'i .12. ) ) GO TO 99987 
SCAHYD(LUOP)=AbS(SCAHYD(LOOP)) 
GO TO 999d8 

99987 SCAHYD(LOOP)=11./NLOGC
KRITUPRKILE, 1000)11, J J , KK , SCAriY D ( LOOP ) ," INCHES PER LOG CYCLE" 

1000 FORMATUX, "SCALE CHANGED ON HKDROGKAPH AT ROW = ",I4," COL = ",i4," LA 
1YEH = -',14," TO ",E12.b,3A10) 
GO TO 99990

PICK OFF TIME SCALE - MAY BE LOG UR LINEAR, IN SECONDS
LOG SCALK IS INCHES PEK LOG CYCLE (SECONDS) ACROSS X-AXIS OF PLOT
LINEAR JS SECONUS PEK INCH
CONiVLRT SCAHYD TO KIT *MHIN BOUNDARIES OF PLOT

SCAHYD HAS BEEN SET TO (-) FOR LOGARITHMIC TIME 
AND SET TO ( + ) FOR LINEAR TIME

IF(.NDT.(6CAHYD(LOOP).LT.O.)) 30 TO 99989 
TLEf T- I F! X C AL'J'J 1 0 '. TU T N ) ) 
TR1GHT=1F1X(ALOG10(TMAX))+l 

: = TkiGhf-TLEFi'

99988 
C 
C 
C
99989

99986
C
C
C
C
C
99990

LINEAR

AM=10.*»(IFIX(ALOG10(TMAX)))
TMAX=lMAX+Art-AMOD(TMAX,AH)
NLOGC=0
XMIN=1.
XMAX = A»«IM(12. ,TM AX/SCAHYD (LOOP) 4-1.)
I F ( X M A X . Lf , 2 . ) X K A X = 2 .
IF(.NOT.(A^AX.GE.12.)) GO TO 99986
SCAHYO(LUOP)=TMAX/11.
WK1TL(PKHLE,1000)II ,JJ,KK, SCAHYD (LOOP) , '
COHTJNUfc

HMIN,HMAX - HEAD DATA LIMITS 
YMIN,YMAX - VIEWPORT LIMITS (INCHES)

YMIN=2.

SECONDS PER INCH"

IDIF=HD1F 
H01F=IDIK 
V JNr=HDlK/CONHYD(LOOP)

SET METAPLOT FORMATS

CALL SCHf:EN(0. , 12. ,0. , YMAX) 
CALL VwPOKl ( 1. ,XHAX,2. , YMAX-1 .)

02647
02648
02649
02650
02651
02652
02653
02654
02655
02656
02657 
0265H
02659
02660
02661
02662
02663
02664
02665 
02667 
02b68 
02669 
02b70
02672
02673
02674
02675
02677
02678 
0?679
02680
02681 
026B2
02683
02684
02685
02687
02688
02689
02690
02691 
0269? 
02693 
02b94
02695
02696
02697
02698
02699

DRAW BOUNDARY AND GRIDS

02701
02702
02703
02704
02705 
0270b 
02707
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175

180

18ft

190

195

200

20b

210

215

220

225

LOG SCALE - x is LOG CYCLES OF TIME IN SECONDS

1F(.NOT.(NLOGC.UT.O)) GO TO 99984
X=TLEFT
XMX=TRIGHT
CALL *INUOh(X,XMX,HMIN,HMAX)
XINC=1.
CALL LINE(A,HMIN,X,HMAX)
DO 9998J NL=1,NLOGC

X=AhINl(X,XMX)
CALL LlHE(X,HMlN,X,HMAX) 

9998J CONTINUE
GO TO 99985 

C 
C 
C 
99984

LINEAR SCALE - X IS SECONDS

X=TMIN 
XHX=TMAX
CALL WINDOw(X,XMX,HMlN,H»UX) 
CALL LINfc.(X,HrtIN,X,HMAX) 
XINC=SCAHfU(LOOP) 

99982 IF(X.Gt-.XMX) GO TO 99981 
X=X+XINC 
X=AMIN1(X,X«X) 
CALL L1NKU,HK1N,X,HMAX) 
GO TO 99982 
CONTINUE99981

C
C
C
9V985

HORIZONTAL GRID

Y=KMIW
JF(Y.GT.HMAX) GO TO 99979
IF(.!JOT.(NLOGC.GT.O)) GO TO 99977
X=TLKFT
XMX=TKIGHT
GO TO 99978

99977

99978

C 
C 
C 
C 
C 
99979

XMX=TMAX
CALL LINt(X,Y, XMX,Y)
Y=Y+CDNrt*D(LUOP)
GO TO 999bO

LABELS

LEFT (ELEVATIONS)

CALL VhPOKTCO.,1.,2.,YMAX-1.) 
CALL rtlNUUW(o. , 1 . ,nniri,ni«A> 
Y=HM1N 
XL=.95 
XR=1 . 
XSYM=.l 
S1ZE=.03

9997b IF(Y.GT.HMAX) GO TO 99975 
CALL LINh.(XL,Y,XR,Y)

0270B
02709
02710
02711
02712
02713
02714
02715
02716
02717
02718
02719
02720
02721
02722
02723
02724
02725
02727
02728
02729
02730
02731
02732
02733
02734
02735
02736
02737
02738
02739
02740
02741
02742
02743
02744
02745
02746
02748
02749
02751
02752
02753
02754
02755
02756
02757
02758
02759 
027 CG
02761
02762
02763
02764
02765
02766
02767
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230

235

245

250

255

260

265

270

27b

280

285

IF(Y.EO.hMAX)Y=Y-(CONHYD(LOOP)*.125)
CALL Nil MBbK(XSYM,y,SIZE,\.O. f "(F7.1)")
Y=Y+CONHiU(LOOP)
GO TO 9997b 

C
C BOTTOM (TIME) 
C 
99975 CALL VWPOKT(1.,XMAX,0.,2.)

YB=1.95
YSYM=1.8
1KI .NOT. INbOGC.tjl . u; ) GO 1'U *99/3
X=TLEKT
CALL w!MUUW(X,XMX,0.,2.) 

99972 IF(X.GT.XMX) GO TO 99971
CALL LINEU, YT,X, YB)
T=10.**X
1F(X.EU.XMX)X=X-.1*XINC
CALL NUMtiEK(X,YSYM,SIZE,T,270.,"(E9.3)")
X=X+XINC
GO TO 99972 

99971 GO TO 99974 
99973 X=TM1N

CALL WIM)0*(X,XMX,0.,2.) 
99970 IF(X.GT.XMX) GO TO 99969

CALL L1NE(X,YT,X,YB)
JF(X.EO.XMX)X=X-(SCAHYD(LOOP)*.12)
CALL NUMbErt(X,YSYH,SIZE,X,270., K (E9.3)")
X=X+XINC
G3 TO 99970
CONTINUE99969

C
C
C
99974

LABEL PLOT BY TITLE, I,J,K

CALL VHPOKTCO., 12., YMAX-I.,YMAX)
CALL tfJNDOw(0.,1000.,1.,8.)
CALL SY*HOL(0.,7.,SlZE,riEADNG,0.,132)
ENCODE(131,1001,LABEL)1ABS(IriYD(LOOP)),JKYD(LOOP),KHYD(LDOP),KP, 
1KT,TODAY

1001 FORMAT(2bX,"ROW",13," COL",13," LAYER",13," PUMP PERIOD",13," TIME 
1 STEP",13," DATE OK SIMULATION",A 10,26X)
CALL SYMBOLCO.,4.,SIZE,LABEL,0.,130)

PLOT ACTUAL CALCULATED HYDROGRAPH

CALL VWPOKTd. ,XMAX,2., YMAX-1. )
IF(.NOT.(HLOGC.GT.O)) GO TO 99967
X=TLEFT
GO TO 9996H

QOf.7 Y—TM T W

CALL *INDOtf(X,XMX,HMIN,HMAX)99968
C
C
C

PLOT TOP AND BOTTOM frRAME LINES

CALL l,INE(X,H«JN,XMX,HMIN)
CALL LINb(X,MMAX,XMX,HMAX)

02768
02769
02770
02771
02772
02773
02774
02775
02776
02777
02778
02779
02780
02781
02782
02783
02784
02785
02786
02787
02788
02789
02791
02792
02793
02794
02795
02796
02797
02798
02799
02800
02801
02802
02803
02804
02805
02806
02807
02808
02809
02810
02811
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02813
02814
02815
02816
02817
02819
02821
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02823
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02825
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02827

578



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

290

295

300

305

310

315

320

325

330

99*64
99965

99966 
C 
C 
C

99961
99962

C 
C 
C

V995H 
99959

C 
C 
C

99960
C
C
C
99963
C
C
C
99997

340

PLOT INITIAL HEAD VALUE

H=H1NIT(LOUP) 
CALL PLUT(X,H,3)

LOOP ON ACTUAL POINTS

DO 99966 I = 1,NT.S
IF(.NOT.(NLOGC.GT.O)) GO TO 99964
X = ALOGll'( fHYD(I) )
GO TO 99965
X=THYD(1)
H = HYI)(LUOP,I)
CALL PLOT(X,H,2)
CONTINUE

PLOT OBSEKVEU HEAD (OH DRAWDOWN) VALUES

IFC.NOT.CNPTUb(LOOP).GT.O)) GO TO 99963
IENU=NPTUti(LOOP)
IFC.NOT.(NLOGC.GT.O)) GO TO 99961
X=ALOG10(THYDOb(LOOP,l))
GO Ft) 99Vb2
X=TriYD03(bOOP,l)
H = HYDOB(l.OUP,l)
CALL PLOT(X,H,3)

LOOP ON OBSERVED VALUES

DO 99960 I=l,ItND
IFC.WOT.(NLOGC.GT.O}) GO TO 99958
X=ALOGlO(rHYUOP(LOOP,I))
GO TO 99959
X=THYDOtt(LOOP,J)
H = MYDOB(1.0UP,I)
CALL PLUT(X,H,2)

PLOT CHAKACTER H 0" AT OBSERVED POINT

CALL SYMBOL(X,H,SIZE,"0",0.,1)
CALL PLOT(X,H,3)
CONTINUE

END OF THIS PLOT

CALL PLOKO. ,0. ,-3}

PRINT CALCULATED HEAD AND TIME VALUES

XNTS=NTS+7.
CALL SCKfc.EN(0.,b.,0.,(NTS*.140)+l.)
CALL VWPUKT(0.,S.,0.,(NTS*.140)+1.)
CALL *IN'JUW(1 ,,b. ,0. ,XNTS)
YI=XNTS
CALL SYMBUL(1..,YI,SIZE," CALCULATED HYDROGKAPH DATA",0.,31)
Yl=YI-2.
lF(.NOT.UHyD(LOOP).LT.O.)) GO TO 99956

02628
02829
02830
02831
02832 
02M33 
02B34 
02B35 
02B36 
02«37 
02929 
02840
02842
02843
02844
02845
02846
02847
02848
02849
02850
02851
02852
02854
02856
02857 
02851!
02859
02860
02861
02862
02863
02864
02866
02868
02069
02870
02871
02872
02873
02874
02875
02877
02878
02879
02880 
02882 
0288J
02884
02885
02886
02887
02888
02889
02890
02891
02892
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345

350

355

360

365

LNCOUt(32, 1005,TEXT)"DKAWDOli«N"
GO TO 99957

9995t> ENCUDE(32,1005,TEXT)" HEAD " 
99957 CONTINUE 
1005 FORMATC1 TIME (SECONDS)

CALL SYMbOL(l.,YI,SIZE,TEXT,0.,34)
Y1=YI-1.
CALL SYMHOL(1.,Y1,S1Z£," ———
YJ=Y1-1.
ENCODE(34,1002,TEXT)HINIT(LDOP) 

1002 FOkKATC'lNiriAL VALUE",9X,E12.4)
CALL SYrtbOL(l.,Xl,iJiZfc:,IEXl,U.,34)

,A8)

0.,34)

LOOP ON CALCULATED VALUES

DO 99955 1 = 1, NTS
ENCODE (34, 1003, TEXT)!, THYD(I) ,HYD(LOOP,I) 

1003 FOKMATC'Ta " , 1 3 , 1 X , tl 2 . 4 , 3X , E 1 2 . 4 ) 
YI=YI-1.
CALL SYMBULU . , Y 1 , SIZE , TEXT , 0 ., 35) 

99955 CONTINUE
CALL PLUTCO. ,0.,-3)

99998 CONTINUE
99999 RETURN 

END

02693
02894
02696
02898
02898
02899
02900
02901
02902
02903
02904
QTOftH

02906
02907 
02906 
02909 
029JO
02911
02912
02913
02914
02915
02916
02917
02919
02920
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20

25

30

35

40

45

50

55

SUBROUTINE LIMAP(HX,KK,TYPE)

SETUP PRINTOUTS AND/OK MAPS FOR ARRAY "HX" DUMPS FROM LAYER "KK"

LIST/MAP CUBES

INTEGER LORM.CUBDEF
LEVEL ?, lCUBt;G,lCUKNI), JCUbEG, JCUEND,KCUBEG,KCUEND , LORM,XFPI, YFPI, 

lCUHDKF,CO.vINT,BASh:Y,PbCrtAR
COMMn:j/CUbLCl /NCUIVJC , :."CH
COMMUN/CUUKS^/ICllrtEO(50) , I CUEND ( 50 ) , JCUBEG ( 50 ) , JCUENDC 50) , 
lKCl'BH.G(bU),KCUh.MJ(bU),LUKM(bl»,XFPl(50),yFPI(50) ,CUBDEF{50), 
2CONINT(bO) ,BASEV(bO),PLCHAR(4,20)

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY, F.RFLAG,FINLTS
LOGICAL TKACh:,USh.LCM,USERMS,USEBIO,MF6000,MF7000
COMMON/GL,bPHM/CLSUHE,ERFLAG,Fl^LTS,LCMFL,SCMFL, VERBIG
COMMUN/VUFKST/LCPHI,LC*EL,LCSTR,L(;T,LCS f LCTR,LCTC,LCTK,LCEL, 
1LCFL,LCGL,LCV,LCXI, 
2LCHOT,LCPERrt,
3LCTL,LCILK,LCSL,LCZCb,LCRATE, 
4NVPN,NNPR,NNPC,NNPL,NNAL,NV»PR,^WPC,NwPL,NwAL,TRACE,TODAy
COMMUN/MFSIZeVUSELCM,USERMS,USEBIO,MF6000,MK7000,NiKDLCM, 
ILCMPTR(lbO) •
LEVEL 2,hX
INTEGER TlfPE,OPTION
IF(TRACE)CALL PHENT("LI MAP")

LORM = 0
= 1
= 2

LIST ONLY 
LIST + MAP 
MAP ONLY

NLOOP=NCUBES
DO 99999 LOOP=1,NLOOP

CUBE DEFINED BY "CUBDEF"

1FC.NOT.(TYPE.EG." ")) GO TO 99997

CUBDKF= 99 
= -1 
= -2
= -3 
= -4 
= 0-NVPM

NO CUBE DEFINED
DRAWDOWN
SURFACE
PERMEABILITY FOR 20 WATER TABLE
BOTTOM FOR 2D «A1'F.R TABLE
APPROPRIATE VARIABLE IN NUDE

=ALL DATA ALL VAKIAHLFS TM NODE

IF(. NOT. (OPTION. NE. 99)) GO TO 99996 
lK(UPTION.KO.-2)OPTION= n SUKFACE" 
lF(OPTtUN.KU.-] ) OPT 1 UN = " DRAWDOWN"

IF( .NOT. (OPTION.Eli. "SURFACE") ) GO TO 99994

02921
02922
02923
02924
02925
02926
02927
02928
02929
02930
02931
02932
02933
02934
02935
02936
02937
02938
02939
02940
02941
02942
02943
02944
02945
02946
02947
02948
02949
02950
02951
02952
02953
02954
02955
02956
02957
02958
02959
02960
02961
02962
02963
02964
02965
02966
02967
02968
02969
02970
02971
02972
02973
02974
02975
02976
02977
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60

65

70

75

80

99992

99991 
9999J 
99994

99990

99989
9999b
9999b
C
C
C
99997

IF(.NUT.(KK.KU.l )) GU TO 99993
1F( .NOT.lLOKMCMKJP) .LE. 1)) GU TO 99992
CALL PR AH HHX.KK, OPTION, LOOP)
1K(.NOT.(LUKM(LOUP).Gt.1)) GO TO 99991
CALL PKMAP(HX,KK,OPTION,LOOP)
CONTINUE
GU TO 99995
1F( .NOT. lLORM(t,unP) .LE. 1)) GO TO 99990
CALL PRARY(HX,KK,OPTION,LOOP)
IKl .NOT. CLUKM(LUOP) .GE.l ) ) GU TO 99989
CALL PR*AP(HX,KK,OP1ION,LOOP)
CONTINUE
CONTINUE
GO TO 99998

CUBE DEFINED BY "TYPE"

90

OPTION=TYPE
IF(.NOT.(OPTION.EQ."SURFACE")) GO TO 99987 
IF(.NOT.(KK.EU.1)) GO TO 99986 
IF(.NOT.(LORM(LOOP).LE.1)) GO TO 99985 
CALL PHAHHriX.KK,OPTION,LOOP) 
IF(.fOT.(bOkM(LOOP).GE.l)) GO 10 99984 
CALL PRMAP(hX,KK,OPTION,LOOP) 

99984 CONTINUE
GO TO 999«8

PRINT ARRAY ONLY

CALL PRAKY(HX,KK,OPTION,LOOP)
CONTINUE
COMINUE
CONTINUE
HETUHN

C 
C 
C
99987
99988 
9999b 
99999

02978
02979
02980
02982
02983
02985
02986
02988
02989
02991
02992
02994
02995
02996
02997
02998
02999
03001
03002
03003
03004
03005
03007
03008
03010
03011
03013
03014
03015
03016 
OJ018 
03019
03019
03020
03021
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SUBROUTINE LINF( XbF.G , Y HEG , XEND , VEND) 03022
C 03023
C PLOT A STRAIGHT LINE FROM (XBEG.YBEG) TO (XEND,YEND) 03024
C 03025

CALL PLOTCXr<t-;G,YBEG,3) 03026
CALL PLU'KXEND, YEND.2) 03027
RETURN • ' 03028
END 03029
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1 FUNCTION LJUST(WORD) 03030
C 03031
C LEFT JUSTIFY AH ALPHA WORD 03032
C THIS ROUTINE DHJHKNDS ON 60-BIT CDC WORD 03033

5 C 03034
INTEGER WORD 03035

C 03036
IW=WORD 03037
1SHFT=6 03038

10 99999 IF(ISH1FTC1W,1SHFT).AND.77B).NE.bSB) GO TO 99998 03039
!SHFT=ISHFT+6 03040
GO TO 99999 03041

9999B lSHFT=ISHFT-6 03042
LJUSTrSHlFTd^.lSHFT) 03043

15 RETURN 03044
fc,ND 03045
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10

15

20

25

30

35

40

45

SUBROUTINE LOCLEVCLEVNO)

POSITION FILE TO Bt; READ IN FR3NT OF LAKER "LAYNO" 
THIS ROUTINE FUNCTIONS ONLJf WHEN USE8IO IS TRUE.

OPTION DEFINITIONS

LOGICAL nrAWLE,RCHKG,TRLEAK,EQN3,EON4 
CUMMUN/OPTDEfr /«TAbLE, TRLEAK , KCHKG , EON 3 , EQN4

LOOH, K0«» LUbUMN, uAitR P<JANin.RS 

COMMON/LOOPS/I, J,K,IO, JO,KO,I1 ,J1,K1,I2,J2,K2 

GLOBAL PARAMETERS

INTEGER SCMFL, TODAY, ERFLAG, FIN LTS
LOGICAL lKACfc.,USELCM,USERMS,USEB10,MF6000,MF7000 
COMMON/GLoPRM/CLSUKE.EHFLAGfFINLTSjLCMFL, SCMFL, VER BIG 
COMMON/VUFKST/LCPH1,LC*EL,LCSTR,LCT,LCS,LCTR,LCTC,LCTK,LCEL, 

1LCFL,LCGL,LCV,LCX1,

i OOJ 
99496 
99^97

100*1
99994
99995

3LCTL,LC1LK,LCSL, LCZCtJ, LCR ATE,
4NVPN,NNPK,NNPC,NNPL,NNAL,NWPR,N«PC,NWPL,NVtAL,TRACE,TODAY 
COMMOfJ/f«FSlZE/USELCM,USEHMS,USEB10,MF6000,MF7(JOO,Nii(DLCH, 
1LCMPTRC150)

I/O FILES

INTEGER HUU«P,BAKIN,hAKOUT,PKFILE,OBSFIL 
COMKOt</IOFILE/HDUMp,Mfc.TA,BAKIN,BAKQUT,INFILE,PRFILE,OBSFIL

I/O POINTERS

LOGICAL LOGRDA,LOGRDB
INTEGER LFN(2) ,LOG(2) , LFB( 2 ) , L3P C 2 ) , NBL ( 2 ) , NXT( 2 )
COMMON/IOPTk/LFNA,LKNB,LJGRDA,!.,OGKUB,LFNTBR,LFNTB*,LFBOFA,LF80FB, 

lLDPA,LOPrt,fJbLPA,NHLPH,NXrA,NXTB
EQtlIVALEiMCh(LFN,LF^A) , ( LOG , LOGRDA ) , C LFB , LFbOFA) , ( LOP, LOP A ) 
EOUIVALENCE(NBL,NBLPAJ , (NXT, NXTA")

DIMENSION X(10)

IF(THACE)CALL PREN f ( " LDCLE V " )
IFC. NOT. (LhVNO.GE. LAND. LEVNO. LE.KO)) GO TO 99999
IF( . NOT. (UisELCM) ) GO TO 99997
1F( . NOT. t fKACE) ) GO TO 99996
WRITE(PKFILE,1U03)LEVUO,LCMPTR(LEVNO)

Gu TO 9999b
JFC .NOT. (USERMS) ) GO TO 99995
IF( .NOT. ( fKACt) ) GO TO 99994
WRITE (PHI- ILL, 1(>04)LEVNO
rOkMAT(lX,"LOCLt,V-USEKMS=.TRUE.
GO TO 9999B •
IFC .NOT. (USEB10) ) GO TO 99993

i c v M n — i i ruo-ro-*

L£VNO=",I4," NO OPERATION."}

03046
03047
03048
03049
03050
03051
03052
03053
03054
03055
03056
03057
03058
03059
03060
03061
03062
03063
03064
03065
03066
03067
03068
03069
03070
03071
03072
03073
03074
03075
03076
03077
03078
03079
03080
03081
03082
03083
03084
03085
03066
03087
03088 
030B9
03090
03091
03093
03094
03095
03096
03099
03099
03100
03101
03102
03105
03105
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60

65

70

75

80

65

90

100

105

110

99991 
C 
C 
C
99992 
C 
C 
C

CHECK FILE

IF(.NOT.(LFNTBR.EG.LFNA)) GO TO 99991
ISUB=1
GO TU 99992
ISUB=2

DO WE NEED NEXT BLOCK

IF(.NOT.(LEVNO.EO.NXT(ISUB))) GO TO 99969

YES

WAIT=UNIT(LFNTBR)
IF(TKACE)*HITE(PRFILE,1000)LEVNO,LFNTBR

1000 FOKMArUX, *LOCLEV FOUND LAYER *,14,» TO BE THE NEXT SEQUENTIAL BLO 
1CK ON TAPE*,12) 

GO TO 99990
C 
C 
C 
C 
C 
99969

999H7

NO - CALCULATE HOw MANY BLOCKS TO SKIP FORWARD UR BACKWARD 
DIRECTION DEPENDS ON WHETHER TAPE HAS LAYER 1 OR LAYER KO AS FIRST 
RECORD.

IF(.NUT.(LFB(lSUB).EO.l)) GO TO 99987 
NLSKIP=NXf(ISUB)-LEVNO 
GU TU 99968 
NLSKlP = Lr;VNO-NXT(ISUB)
IFn'RACE)rfKlTE(PRFILE, 1 005 ) NLSK1P , LEVNO, LFNTBR
FORMAT(1X, M LOCLEV KNST SKIP ",15," BLOCKS TO POSITION IN FRONT OF 
1LAYEK",I4," ON TAPE",12)

SKIP TO POSITION - FORWARD

IF(.NOT.(NLSK1P.GT.O)) GO TO 99985 
DO 99984 LOOP=1,NLSKIP 
WA1T=UNIT(LFNTBR) 
BUFFER IN(LFNTBR,1)(X(1),X(2}) 

99964 CONTINUE
LOP(1SUB)=3 
GO TO 99986

C 
C 
C 
99965

BACKWARD

NLSKiP=IABS(NLSKIP)
IF(.NOT.(NLSKlP.Gt.KO)) GO TO 99962
CALL RUFREw(LFNTriR)
LOP(ISUB)=0
GO TO 99983

WAn-UNlT(LFNTBR)
BACKSPACE LFNTBR 

99981 CONTINUE
LOP(ISUB)=1 

99983 CONTINUE 
9998t> NXT(1SUB)=LEVNO

IFC.NOT.tLKB(lSUB).EO.l)) GO TO 99979

03106
03107
03106
03109
03109
03109
03110
03111
03112
03113
03114

03116
03117
03116
03119
03120
03121
03122
03124
03125
03126
03127
03128
03129
03130
03131
03133
03135
03136
03137
03138
03139
03140
03141
03142
03143
03144
03145
03146
03147
03146
03149
03150
03152
03153
03154
03155
03156

OJ159
03160
03161
03162
03164
03165
03166
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115 N6L(ISUB)=LEVND-1 0316fa
GO TO 99980 03166

99979 MBLCISUb)=L,fc.VNO+l 03167
999BO CONTINUE 03168
99990 CONTINUE 03170

120 99993 CONTINUE 03170
99998 CONTINUE 03171
99999 RETURN 03172

END 03173
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ADDRESS LENGTH BINARY CONTROL CARDS.

0 23 ' IDENT MEM
23 END

ENTRY POINTS. 

MEM

EXTERNAL SYMBOLS 

SYS =
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0
1
2

3

4

5
6

7

10
14
15
20

21

22
23

'

15Ubl5uoUOOOOO(>00000
1

b021000001
53220

6120000036
0302000006 +

22622
5160000022 +•

0400000007 +•
76600

5160000022 +
53310

0303000015 +
71601S0515
0400000020 +
7160150515
5120000022 +

22622
43536

15665
0400000001 +•

1

IOENT MEM
THIS FUNCHCM IS WRITTEN IN CUC ASSKMbLER (COMPASS 3.4)
ANU rflLL k'JN ONLY OH CDC-bbOO, CL>C-7t>00, CYbER SYSTEMS
USING FOWfHAN FTN-4 CALLING SEJUENCE.
I = MLM( VYPE, AMNT)

TYPE NO!' 0 - LCM/LCS MEMORY REOUEST
TYPE = 0 - SCM/CM MEMORY REQUEST

AMHT NOT 0 - ADJUST MEMORY TO AMNT FIELD LENGTH
AMNT = 0 - k^TllkU CURHKNT MEMORY HELD LEKSTH

NOfE: AMNT MUST bE AN INTEGER, IN 60-BIT KORDS. THE SYSTEM KILL
ROUND SCM/CM HEOUEST Uf> TO NEXT lOOb AND LCM/ECS UP TO NEXT
10UOB.

ENTRY HEM
NAME VFD 18/3LMEM,12/0
MEM 8SSZ 1

SA2 Al+1 .FETCH ADD(AMNT)
SA2 X2 .FETCH AMNT
SB2 30 .SET UP SHIFT COUNT
ZR X2.GETFL .IF(AMNr=0) GO FETCH FIELD LENGTH
LX6 62, X2
SA6 FL
EO RFC

GETFL SX6 BO
SA6 FL

RFL SA3 XI .FETCH TYPE
ZR XJ.CMS .IF(TYPE=0) DO CENTRAL MEMORY
MEMORY ECS.FL, RECALL . ELSE DO ECS
EQ RESTORE

CMS MEMORY CM, FL, RECALL
KESTQRE SA2 FL .FETCH SYSTEM FIELD LENGTH

LX6 B2.X2 .SHIFT FKOM TOP TO BOTTOM OF
MX5 30
BX6 -X5»X6 .SAVE LDWER HALF OF THE WORD
Ed MEM

FL BSS 1
END

rfORD

03174
03175
03176
03177
03178
03179
03180
03181
03182
03183
03184
03185
03186
03187
03188
03189
03190
03191
03192
03193
03194
03195
03196
03197
03198
03199
03200
03201
03202
03203
03204
03205
03206
03207
03208
03209
03210
03211

!>0400B SC« STORAGE USED
MODEL 176 ASSEMBLY1

94 STATEMENTS 
0.058 SECONDS

8 SYMBOLS 
20 REFERENCES
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CMS
FL
GETFL
MEM 
NAME 
KESTORE 
RKL 
SYS =

22
b 
1 
0

20 
7 
0

PROGRAM* 
PROGRAM* 
PROGRAM* 
PROGRAM* 
PROGRAM* 
PROGRAM* 
PROGRAM* 
EXTERNAL*

2/28
2/23 S
2/21
2/lb E
2/16 \j
2/30
2/24
2/30

2/31 L
2/26 S
2/25 L
2/17 L

2/32 L
2/27 L
2/32

2/30

2/36

2/32 2/32 2/37 L
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15

20

25

30

40

45

50

55

SUBROUTINE OUTPT

CALCULATE MASS BALANCE
PRINT OUTPUT AT SELECTED TIMESTEPS

E Rt-SfART/DUMP TAPE AT END OF HUM, IF SELECTED

*CALL ALL COMMON BLOCK COMDECKS

DUMMY1 COMMON bLOCKS IN LEVEL 1 (SCM) AND LEVEL 2 (LCM).
TH(.;st' HLUCKS MUST £t>Pfz>J IMMEDIATELY AFTER /'-CMC/ < N M & j M ' pwncpi
AND MUST PRECEDE ALL OTHER SCM AND LCM COMMON BLOCKS.

LEVEL 2,FkSTDS2 
COMMON/ FKSTL1C/FRST DM1 
COMMON/FHSTL2C/FRSTDM2

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,EKFLAG,FINLTS
LOGICAL THACt,USELCH,USERMS,USEB10,KF6000,MF7000 
COMMON /GLoPRM/CLSURE,Et<FLAG,FlNLTS,LCMFL,SCMFL, VERBIG 
COMMOM/VUFKST/LCPHI,LCWEL,LCSrR,LCT,LCS,LCTR,LCTC,LCTK,LCEL, 
1LCFL,LCGL,LCV,LCXI,

JLCTL,LCli.K,LCSL,LCZCB,LCRATE, 
4'JVPN,NNHK,NNPC,N.^PL,NNAL,NrfPR,Nrfl-'C,NWPL,NrfAL, TRACE, TOD AY

ILCMPTR(lbU)

LOOP, ROW, COLUMN, LAYER POINTERS 

COMMON / LOOPS / 1, J, K, I 0, JO, K 0,11 ,J1,K1,I2,J2,K2 

TIME RELATED SCALARS

CDMMUN/TSCAL/CDLT,DELT,DELTM1,DAYS,DAYSP,HRS,SMIN,SUM,SUMP,TMAX, 
1YRS,YRSP

ITERATION AND TIME PARAMETERS

LOGICAL LITSIP,L1TPIS,MBALPR,CNVRG
COMMON /1TP ARM /KP,KT, 1 T , N PER , NU *1T , MODPR , MB ALPR , ITM AX , I T MX 1 ,NRHOP, 
1RHOP(20) ,wMftX,CNVRG,IfXS(200),DAMP,LITSIP,LITPI5

OPTION DEFINITIONS

LOGICAL wTABLE,RCHRG,THLEAK,ECIN3,EaN4 
COMMON/OPTUEF/«TAbLE,iRLEAK,RCHHG,EON3,EQN4

HEADINGS

INTEGER HE.ADNG, VNAME 
COMMON/HDG/riEADNG(14),VNAME(25)

I/O POINTERS

03212
03213
03214
03215
03216
03217
03218
03219
03220
03221

03223
03224 
0322b
03226
03227
03228
03229
03230
03231
03232
03233
03234
03235
03236
03237
03238
03239
03240
03241
03242
03243
03244
03245
03246
03247
03248
03249
03250
03251
03252
03253
03254
03255
03256
03257
03258
03259
03260 
v/ j 261 
03262 
032b3
03264
03265
03266
03267
03268
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60

65

70

LOGICAL LOGRUA,LOGRDB
INTKGF.K LKN(2) .LOGO) , LFHC2) , LOP(2) , NBL ( 2 ) , NXT ( 2)
COMMUH/IUPTk/|jKNA,LKMH,L<J(,RDA,LO(,kDH,LFNrBR,LFNTBW,LFBOFA,LFBOFB,

80

85

90

95

100

105

110

EaUlVALENCK(LKN,LKNA) , (LUG,LOGRDA) , (LFB,LFBOFA) , (LOP, LOP A) 
EUUlVALfc.NCK(NBL,NbLPA) , (NXf.NXTA)

1/0 FILES

INTEGER HDUMP,BAK1W,BAKOUT,PRFILE,065FIL
f lLK/HOHMp.MKTA,HAKIN,BAKOUT,INFILt,PRFILE,OBSFIL

RECORD MANAGER FILE POINTERS

INTEGER TKFIT,TKBUF 
CDMMON/TRFILE/TRFlT(3i>) ,TRBUF(1000)

MASS STUHAGE FILE POINTERS

COMMON /MSFILE/MSKIT(3b),RMSBUF(1000) 
COMMON/MSBUFH/F1RSRM,LASTRM,NXFER, SCMBUFC2000) 
INTEGER FiKSRM

RESTART POINTERS

LOGICAL SELRES,RESTRT,RSRIPP,RSRTTS, RSRTIT 
INTEGER OUXVSN
COM.MON/RSTPTR/SELRES,RESTRT,KSR1PP,RSRT1S, RSRTIT,1NVSN(2), 
10UTVSNC2)

LISTING/DUMP POINTEKS

LOGICAL UrtPIT,DMPTS,DMPPP,DHPVAR,PHIDHP 
l.DMPRIV 
COMMON / DMPPTR/DMP IT, DM PTS , DHPPP, UMPV AR , PHI DMP
1.DKPRIV

GRID SIZES

LEVEL 2,DELX,L)ELY,OELZ,l>ELXI,DELYI,Dt;LZI,FACTX,FACTY,FACrZ 
COMMON /DL'LXYZ/DELXC 1 bO ) , DEL Y ( 1 bO ) , DELZ ( 1 50 ) , DELXK 150), DEL Yl( 150), 

lUELZl(l5oj,FACTX(lbO) f F ACTY ( 1 50 ) , F ACTZ ( 1 50 )

MASS BALANCE RATES

COMf«ON/CKRATe/CFLUX,CKLXCH,CHDl,CHD2,ETFLUX,FLUX,FLUXS,FLXN,FLXP, 
lPUHP,PUMpCH,(jRtTLX,STOK,SLI«H,SUM],SUM2
2.FLXK, FLXRN, FLXRP

MASS BALANCE VOLUMt.TH J.L lUiAba

COMMON /C K V OLT /CFLU X T, CFXCHT.CHDT, CHS T, El FLXT, FLU XT , FLX NT , FLXPT , 
1PMPCHT,PUMPT,UKLT,STOHT
2.FLXRNT,FLXRPT
3.TOTL1,1UXL2

MASS BALANCE - OTHER ARRAYS AND VARIABLES

03269
03270
03271
03272
03273
03274
03275
03276
03277
03278
03279
03280
03281
03262
03283
03284
03285
03266
03287
03288
03289
03290
03291
03292
03293
03294
03295
03296
03297
03298
03299
03300
03301
03302
03303
03304
03305
03306
03307
03308
03309
03310
03311
03312
03313
03314
03315
03316
03317
O 3 J 1 B

03319
03320
03321
03322
03323
03324
03325
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115

120

130

135

140

145

150

155

160

165

170

COMMON /CKAKRY/UPFLOrfC 100) , FRMCLAY ( 1 00 ) 

SPECIFIC YIELD ANU SPECIFIC STOKAGE

LEVEL 2,SY,SS 
COMMON/SYSS/SY(150),SS(150)

COMPUTATIONAL INTERMEDIATE SCALARS

MAXIMUM HEAD CHANGE POINTERS

INTEGER B1GI ,B1GJ,BIGK
LEVEL 2,H1GI,BIGJ,B1GK,DLHDMX
COMM(JN/B1G1/BIG,B1GT,W
COMMON/blG2/BIGI(501),BIGJ(501),BlGK(501) ,DLHDMX(501)

SPECIFIEU-HEAD DATA

LEVEL 2 ,CHFLOW,FLEAK,IJKFLO 
COHMON/CHUAri/NCH,t.'CHAVA,NOVCH,KTRFLO 
COMMON/CHDAT2/CfiFLO«( 400),FLEAK( 400),IJKFLO( 400,3)

LIST/MAP CUBES

INTEGER LOK«I,CUBDEF
LEVEL 2,1CUBEG, 1CUEHD , JCU8EG , JCUEND, KCUBEG, KCUEND, LC1RM , XFPI , YFPI 

lCUt>i)e:i-',CONlNr,i3ASh.V,PLCHAR
COMMON /CUB ESI /N CUBES, NPCH
COMMON/CUBE S2/ICUBKG(bO),lCUEND(SO) , JCUBEG(SO) , JCUENDC50) ,

1 KCUBEG (bO),KCUKND( 50) , LOKM ( 50 ) , X FPI ( 50 ) , Yfr PI ( bO ) ,CUBDEF(50), 
2CONJNTCbO),BASEV(bU),PLCriAK(4,20)

HYD«OGKAPHS

LEVEL 2,IHYD,JHYD,KHYD,TriYD,CO(JHYD,SCAHYD,HYD,HINlT,TINir 
COM«ON/HYG1/NHGRAK,NTS
COMMUN/riYG2/lHYD( 10) , JH Y D ( 1 0 ) , KH YD ( 1 0 ) , TH YD ( 1 00 ) , CONH YD ( 1 0 ) , 
lSCAhYD(10),HYD(10,100),HINir(10),TINIT

ObSEPVED rtYDKOGKAPH DATA

LEVEL 2, IHYDOB,NPTUB, JH YDOB , KH YDUB , TH YDOB , H YDOB 
CDMMON/riiGOhl/NnGOB
COMMUN/HYGDB2/lHYUObC10),JHYD08C10),KHYDOB(10),THYDOB(10,100), 

, 100) ,NPTOB(10)

PUMPING DATA

LEVEL 2,1*. JW,NW,LOCwN,WELVAL 
LOGICAL "ELZKO

03326
03327
03328
03329
03330
03331
03332
03333
03334
03335
03336
03337
03338
03339
03340
03341
03342
03343
03344
03345
03346
03347
03348
03349
03350
03351
03352
03353
03354
03355
03356
03357
03358
03359
03360
03361
03362
03363
03364
03365
03366
03367
03368
03369
03370
03371
03372
03373

,LOCv»NC 100),WELVAL(100) 
COMMUV/HiVK/NH,NHN,N101,NAD()(20),NHCC20),US(20),KUC20),KFLOi*C200) 
10MAXC20U) ,KFLUw(200) ,hlVk.K(200),r^(200),VK(200),INDX(2,200),aR

03375
03376
03377
03378
03379
03380
03381
03382
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175

180

185

190

195

200

205

210

215

220

225

2D BOTTOM AND PERMEABILITY 

COMMON/BO'fPRM/BOTTOM (1,1) , PERM(1,1) 

RECHARGE

LEVEL 2,ORE 
COMMON/RECH/QREC 20, 20)

WATER SNHF4CE

LEVEL 2,hSUR 
COMMON/wSUkF/t«SUR( 20, 20)

RIVERS

LEVEL 2,ORA 
COMMON/R1VR2/ORAC 20, 20)

RECORD MANAGER BUFFERS FOR LEAKAGE FROM CONFINING BEDS

LEVEL 2,RMA,RMB
COMMON/IRAK*I/MODE
COMMON/FRAMY/KMA{4000),RMB(4000)

DUMMY COMMON BLOCKS IN LEVEL 1 (SCM) AND LEVEL 2 (LCM). 
THESE BLOCKS MUST APPEAR IMMEDIATELY BEFORE /L3STOR/ IN MAIN 
PROGRAM AND MUST FOLLOW ALL OTHER SCM AND LCM COMMON BLOCKS.

LEVEL 2.LASTDM2
COMMOW/LASTL1C/LASTDM1
COMMON/LASTL2C/LASTDM2

DEFINITION OF LCM LEVEL3 VARIABLES. THIS MUST FOLLO* ALL LEVEL2,

LEVEL3,STRLCM 
COMMON/LJSTOR/STRLCMCl)

LEVEL3,LASTDM3 
COMMON/LAS1LC3/LASTUM3 
END OF LEVEL3 DEFINITIONS

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2,hXA,HXB,HAC 
COMMON/LCMA/HXAC8000) 
COMMON/LCMb/HXH(8000) 
COMMON/LCMC/HXCC8000)

LOGICAL FJRST,DMPNU*,NO*,SURDEF 
LOGICAL DMPRES 
INTEGER OMPTAP,MSG(4) 
DATA FIRST/.TRUE./

DEBUG

03383
03384
03385
03386
03387
03388
03389
03390
03391
03392
03393
03394
03395
03396
03397
03398
03399
03400
03401
03402
03403
03404
03405
03406
03407
03408
03409
03410
03411
03412
03413
03414
03415
03416
03417
03418
03419
03420
03421
03422
03423
03424
03425
03426
03427
03428
03429
03430
03431
03432
03433
03434
03435
03436
03437
03438
03439
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230

235

140

245

250

255

260

265

270

275

280

285

C
C
C
99999
C
C
C

C 
C 
C 
99998

C
C 
C 
99997

C 
C 
C

IF(TRACE)CALL PKfcNT ( "UU TPUT" )

SET FLAG IF FINAL T1MESTEP HAS BEEN PROCESSED

IFC.NOT.(KT.GE.NUMT)) GO TO 99999
F1NLTS=1
MBALPR=.TkUE.

STOKE ITERATION COUNT FOR THIS T1MESIEP

SET ERKOK FLAG IT MAX. ALLOWABLE ITERATIONS EXCEEDED

IFC.NOT.(1T.GE.ITMAX) J GO TO 99998
EKFLAG=2
F1NLTS=1
MBALPR=.TRUE.

ADJUST HYDkOGKAPH TIME COUNTER

IFC.NOT.(FINLTS.EO.l)) GO TO 99997
NIS=MlNO(NfS+l,100)
THKD(NTS)=SUM

ARE MASS BALANCE CALCULATIONS AND OUTPUT DESIRED NOW

HOW=(MOD(KT,MOL>PR).EO.O) . OH . ( F1NLTS . EO. 1 ) 
IF(.NUT.(MBALPK.OR.NOW)) GO TO 99996

INITIALIZE MASS BALANCE VARIABLES

CFLUX=0.
CFLXCH=0
CHD1=0.
CHD2=0.
ETFLUX=0.
FLUX=0.
FLUXS=0.
FLXN=0.
FLXP=0.
FLXR=0.
FLXHN=0.
FLXHP=0.
KTRFLO=0
NOVCH=0.
PUHP=0.
PUMPCH=0.
OHEFLX=0.
STOH=0.

SET DUMP FLAGS

DMPRFS=SELKES.AND.(FINLTS.EO.l).AND.(KP.GE.NPER) 
DMPNOW=NU* •

03440
03441
03442
03443
03444
03445
03446
03447
03449
03450
03451

03453
03454
03455
03456
03457
03458
03459
03461
03462
03463
03464
03465
03466
03468
03469 
0347U
03471
03472
03473
03474
03475
03476
03477
03478
03479
03480
03481
03462
03483
03484
03485
03486
03487
03468
03489
03490
03491
03492 
0 J 4 9 J
03494
03495
03496
03497 
0349B 
03499
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290

295

300

30b

310

320

3?5

330

99994
99V95
C
C
C
C
C
C

INITIALIZE WATKR SUKFACE ARRAY

DO 99995 11=1,10 
DO 99994 JJ=1,JO 
«SUR(II,JJ)=0. 
CONTINUE 
CONTINUE

CALCULATE MASS BALANCE FUR ALL LAYERS AND PRINT/HAP CUBES 
LOOP TOP TO BOTTOM, WEST TO EAST, NORTH TO SOUTH

LOAD TOP 3 LAYERS

CALL LOCLcV(KO)
CALL BUFlN(riXtt,"HXB",NlN,KO)
CALL LDCLEVCKI)
CALL BUHN(HXC,"HXC",NIN,K1)
CALL LOCLbV(KO-2)
CALL BUFlN(HXA, M HXA",NIN,KO-2>

PROCESS

MLODP=0 
K=KO 

99993 IF(K.LE.O) GO TO 99992

,3)

BRANCH TO APPROPRIATE LOGIC

HXA IS MIDDLE LAYER

IK((0).NE.(MDDML)} GO TO 99990
CALL LOCLEVCK-U
CALL BUF1N(HXB, K HXB",NIN,K-1)
CALL CHECKA
IF(FJNLTS.Ea,l)CALL SAVhYD(HXA.K)
1F(DMHNU«)CALL LIMAP(HXA,K," ")

HXB IS MIDDLE LAYER
C
C 
C

GO TO 99991 
99990 1F((1).NE.(MOOML)) GO TO 99989

IF(.NOT.(K.NE.M)}) GO TO 99988
CALL LOCLt,V(K-l)
CALL BUF1N(MXC,"HXC",NIN,K-1) 

V99SH CALL CHECKB
1F(KINLTS.EO.1)CALL SAVHYD(HXB,K)

HXC IS MIDDLE LAYER

34U

C 
C 
C

GO 10 99991 
9V989 IF((?).NL.(HODML)) GO TO 99967

IF(,NOT.(K.NE.K1)) GO TO 99986
CALL LOCLEV(K-l)

03500
03501
03502
03503
03504
03505
03506
03507 03508' 

03509 
0*510
03511
03512
03513
03514 
03bl5
03516
03517
03518
03519
03520
03521
03522
03523
03524
03525
03526
03527
03528
03529
03531
03532
03533
03534
03535
03536
03537
03538
03539
03541
03542
03543
03544
03544
03545
03546
03547
03549
03550
03551
03553
03554
03555
03556
03556
03557
03558
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345

350

355

360

365

370

375

380

385

390

395

99986

999H7
C
C
C
99991

C
C
C
99992
C
C
C

9998J

99982

99961
99964
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C 
C
C
C

CAM; BlJFINCHXA,"HXA fi ,NIN,K-l)
CALL CHECisC
IFCFlNLrs.EU.l )CALL SAVHYDCHXC,K)
1F(1>MPNUW)CALL L1MAP(HXC,K," ")
CONTINUE

NEXT LAYErt

K = K-1
GO TO 99993

END UH MAS:> bALANcc. bUUP

CALL BUFRE«(LFNTBR)

LIST/HAP WATER SUKFACE, IF DESIRED AND NOT EXPLICITLY CUBED

IFC .NOT. (STABLE)) GO TO 99985
IFC .NOT. (DKPNOn) ) GO TO 999H4
SUKUEF=.FAbSE.
1 = 1
IF(I.GT.NCUBES.OR.SURDEF) GO TO 99982
IFCCUBDEF (l).Eu.-2)SURDEF=.TRUE.
l=ltl
GO TO 99983
IF( .NOT. ( .NOT.SURDEF)) GO TO 999H1
N1=NCUBES+1
lCUtJEG(Nl)=I
ICUEND(N1)=IO
JCUBFG(N1)=1
JCUENOCN1)=JO
CALL PRAR*CHXA,"ALL" f '-SURFACE tl ,Nl)
CONTINUE
CONTINUE

CALCULATE CUMULATIVE VOLUMETRIC TOTALS FROM RATES

FOR MOSl SOUKCKS/UlSCriARGES TXO RATES HAVE
BEEN ACCUMULAKED OVER ALL AQUlfER NODES
FOR THIS TIME STEP.
1:A SUUKCE WHICH IS THE SUM OF ALL THE

FLUXES TU (+) THE AQUIFER.
2:A UISCrtARGK krilCH IS THE SUM OF ALL THE

ABSOLUTE VALUES UK THE FLUXES
FROM (-) THE AOUIFER.

FOR RECHARGE (INPUT AS ORE) AND STORAGE
A NtT FLUX = SOUKCE(+) + DISCHARGE(-)
HAS BEEN ACCUMULATED.

VARIABLE DEFINITIONS:

RATES - (L**3/T)

NAME DIRECTION MEANING

SPECIFILD-HEAD BOUNDARIES

03559
03561
03562
03563
03565
03566
03567
03568
03569
03570
03571
U3i>72
03573
03574
03575
03576
03577
03578
03579
03580
03581
03582
03583
03584
03585
03586
03587
03588
035S9
03590
03591
03592
03594
03595
03596
03597
03598
03599
03600
03601
03602
03603
03604
03605
03606
03607
OJ60H
03609
03610
03611
03612
03613
03614
03615 
03616
03617
03618
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400

405

410

415

420

425

430

435

440

445

450

455

c
c
c
c
c
c
c
c
c
c
99985
C
c
c
c 
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c

c
c
c
c
c
r

************************
CHD1 DISCHARGE TU SPECIF I ED-HE AD BOUNDARY
CHU2 SOURCE FROM SPEC IF 1 ED-HbAD BOUNDARY

CONFINING BEDS
**************

FLUXS NET NET LEAKAGE TO (FROM) CONFINING LAYERS
FLXN DISCHARGE LEAKAGE T3 CONFINING LAYERS
FLXP SOURCE LEAKAGE FROM CONFINING LAYERS

FLUXS=FLXP-FLXN

INDUCED RECHARGE/DISCHARGE FROM/TO LIMITED-SOURCE RIVERS

FLXR NET NET LOSS (GAIN) TO (FROM) KIVERS
FLXRN DISCHARGE LOSS TO RIVERS
FLXRP SOURCE GAIN FROM RIVERS

PUMPAGE TO/FROM AUUIFER NODES
*****************************

PUMP DISCHARGE; PUMPAGE FROM *ELL NODES
CFLUX SOURCE FROM RECHARGE WELLS

PUMPAGE TO/FROM SPECI FI ED-HE AD NODES
***********************************
NOT INCLUDED AS A SOURCE/DISCHARGE IN THE MASS BALANCE

PUHPCH NEITHER PUMPAGE FRUM SPEC I F I ED-HE AD NODES
CFLXCH NE1THLR PUMPAGE TO SPECIFI ED-KEAD NODES

hECHARlit AS ORF.
***************

OREFLX NET RECHARGE

STORAGE
*******

STOR NET FROM STORAGE FOR TIMESTEP

STOR=STOR/DELT

SUM OF RATES FOR THIS TIME STEP
*******************************

SUM1 SOURCE SUM OF ALL SOURCES
SUM2 DISCHARGE SUM OF ALL DISCHARGES
SUMR NET SUM OF RATES FOR THIS TIME STEP

SU M 1=CFLUX + CH02 + FLXP -KJREFLX + STOR
SUM2 = CHDl-H-LXNtPUKP
SUV1=SUMH-FLXRP
£ d f . 2 ~ £ 'J u. 2 * F L X P. N
SUMR = SUM-SUM2

CUMULATIVE VOLUMES - (L**3)

NAME DIRECTION MEANING

03619
03620
03b21
03622
03623
03624
03625
03626
03627
03628
03629
G3C5C
03631
03632
03633 
03634
03635
03636
03637
03638
03639
03640
03641
03642
03643
03644
03645
03646
03647
03648
03649
03650
03b51
03652
03653
03654
03655
03656
03657
03658
03659
03660
03661
03662
03663
03664
03665
03666
03667
03668
03669
03670
03671
03672
03673
03674
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460

465

470

475

480

485

490

495

500

505

510

SPECIF1ED-HEAO BOUNDARIES

CHDT
CHsr

DISCHAKGE
SOURCE

TO SPEC IFI ED-HE AD bOUNDAR*
FROI SPECIFIKD-HEAD BUUNDAK*

CHDT=CHDT+CH01*DELI 
CHST=CHSltCH02*DELT

CONFINING BEDS

FLUXT NET 
FLXNT DISCHARGE
FLXPT SOURCE

FLXPT=FLXPT+FLXP*DELT 
FLXN1=FLXNT+FLXN*DELT 
FLUXT=FLXPT-FLXNT

INDUCED KECHARGE/DISCHARGE FROM/TO LIMITED-SOURCE RIVERS

NET LtAKAijE TU ir RUM; COriFlNiNG LnVc.no 
LEAKAGE TJ CONFINING LASERS 
LEAKAGE FROM CONFINING LAYERS

FLXKNT 
FLXKPT

DISCHAHGE 
SOORCE

LOSS TO RIVERS 
GAIN FROM RIVERS

FLXRNT=FLXRNT*FLXRN*DELT 
FLXRPT=FLXHPT+FLXRP*DELT

PUMPAGE TO/FROM AQUIFER NODES

CFLUXT 
PUMPT

SOURCE 
DISCHARGE

FROM RECHARGE *ELLS 
PUMPAGE FROM rtELLS

CFLUXT=CFLUXT+CFLUX*DELT 
PJMPT= PUMPT tPU HP *DELT

PUMPAGE TO/FROM SPECIFIED-HEAD NODES

NOT INCLUDED AS A SOURCE/DISCHARGE IN THE MASS BALANCE
PMPCHT DISCHARGE PUMPAGE FROM SPECI Fl ED-HEAD NODES
CFXCHT SOURCE PUMPAGE TO SPECIFIED-HEAD NODES

CFXCriT=CFXCHT+CFLXCH*DELT

RECHARGE AS ORE
«:«****«*«*«*«*¥

OWKT NET RECHARGE 

= 3REl'tQREFLX*DELT

STORAGE

STORAGE 
*******

STORT NET 

STORT=STORTtSTOR*DELT

03676
03677
03678
03679
03680
03681
03682
03683
03684
03685
03686 
036S7 
03698
03689
03690
03691
03692
03693
03694
03695
03696
03697
03698
03699
03700
03701
03702
03703
03704
03705
03706
03707
03708
03709
03710
03711
03712
03713
03714
03715
03716
03717
03718
03719
03720
03721
03722
03723
03724
03725
03726
03727 
0372B
03729
03730
03731
03732
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515

520

525

530

535

540

545

550

555

560

56b

570

SUM OF VOLUMES FOR THIS SIMULATION

99979
99960
C
C
C
99996

TOTL1 SOUHCF SUM OF ALL SOURCES
TUTL2 DISCHARGE SUM OF ALL DISCHARGES
DIFF NET SUM OF ALL VOLUMES'

TOTLI=CFLUXT+CHST+FLXPT+QRET+STORT
TOTL2 = CHI)T+FLXNT+PUMPT
TOTL1=TUTL1+FLXRPT
TOTL2=TUTL2+FLXRNT
DlFK = TC)TLil-rOTL.2
IF(.NUT.(TUPL2.NE.0.0.AND.TOrtl.NE.0.0)) GO TO 99979
PERCNT=D1FF* 100. /TOIL 1
GO TO 99980
PERCNT=100.
CONTINUE

PRINT RESULTS IF DESIRED, ELSE RETURN TO CALLING PROGRAM

1F(.NOT.(MBALPR.AND.NOW)) GO TO 99978 
*Rir£(PKFILE,100l)HEADNG

1001 FORMATC'l", 13A10,A2) 
CALL PRDATE 
WRITE(PRFILE,1002)KT,DELT,SUM,SS1N,HRS,DAYS,YRS,DAYSP,YRSP

1002 FOkKAT(2bX,b()("-")/41X,"TlME STEP MUMBKR ", I9/26X , 60 C "-")// 
126X,E14.7," 'lN SECONDS, SIZE DF TIMESTEP"// 
226X,K14.7," IN SECONDS, TOTAL SIMULATION TIME"/ 
32bX,E14.7," IN MINUTES"/ 
426X,F.14.7," IN HOURS"/ 
526X,fcl4.7," IN DAYS"/ 
626X,E14.7," IN YEARS"//
72bX,E14.7," IN DA*S, DURATION OF CURRENT PUMPING PERIOD"/ 
82bX,E14.7," IN YEARS"/)

C PRINT MASS BALANCE 
C

h'RITE(PRFILE,1003)
1003 FORMAT(1X,132("- M )//60X, "MASS BAI.ANCEV/26X, "CUMULATIVE"/ 

128X,"VOLUMKS",T9H, M RATES"/11X,40( H -"),30X,40("-")/ 
217X,"SOUHCtS", 11X,"D1SCHARGLS H ,TH7,"SOURCES",11X,"DISCHARGES"/, 
314X," ———————————— ",7X," ———————————— ",T86," ———————————— ", 
4bX," ———————— ——— ") 

IFC.NOT.(TRLEAK)) GO TO 99977
wRITF.CPKHLfc., 1004)FbXPT,FLXNf,"LKAKAGE FROM/TO CONFINING BEDS", 

1FUXP,FLXN 
99977 CONTINUE

1004 FOR*ATC12X,E15.7,bX,E15.7,4X,3A10,2X,E15.7,5X,E15.7)
rtRI]'E(PKFlLE,1004)CHST,CHD'r, M SPLCIFIED-HbAO BOUNDAKltb",LMU^, 

1CHD1 
«RITE(PRFlLb,1OOb)ETFLXT," EVAPOTRANSPIRATION",ETFLUX

lOOb FOKMAT(32X,£15.7,4X,3A10,22X,E15.7)
XR1TK(PRHLE, 1004 ) CFLUXI, PUHPT, " PUMPAGE ",CFLUX,PUMP 
wKlTf.(PKFILb, 100b)ORbr," RECHARGE ",UREFLX

lOOb FOR«AI(12X,Klb.7,24X,3A10 f 2X,Elb.7)
rtRHHCPKFILE, 1004)FLKRPr,FLXHNT, " INDUCED FLUX FROM/TO RIVERS",

03733
03734
03735
03736
03737
03738
03739
03740
03741
03742
03743
03744
03745
03746
03747
03748
03750
03752
03753
03754
03755
03756
03757
03758
03759
03760
03761
03762
03763
03764
03765
03766
03767
03768
03769
03770
03771
03772
03773
03774
03775
03776
03777
03778
03779
03780
03781 
03783 
03783 
u3 / vt 
03785. 
0378b 
03787 
0378«
03789
03790
03791
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575

580

585

590

595

600

605

610

615

520

625

1029

1FLXRP,FLXRN
WkITE(PkFlLE,1006}STORT," STORAGE ",STOR 
KRITE(PKF1LE, 1004) FUTLl ,TOTL2," SUM ",SUM1,SUM2 
WKI ft:(PHh ILK, 1008)
WRITKCPRI- ILE, 1007 )DIFF," NET (SOURCE - DISCHARGE)",SUMR

1007 FDRMAr(24X,E1b.7,r/>X,3A10,l3X,Elb.7)
*RlTE(PKFILE,1007)PtKCNr," PERCENT DIFFERENCE" 
WR1TK(PRF1LE,1008) 

1006 FJKHATC/1X,1 32("-")/)
rtkirE(PRFlLE,1004)CFXCHT,PMPCHr," SPECIFIED-HEAD NODE FLUX", 
1CFLXCH.PUMPCH 
WR11E(PRFILE,1008)

: PRINT SPECIFIED-HEAD FLOW RATES AND LOCATIONS
*

IF( .NOT. (KTRFLO.GT.O)) GO TO 99976
IF(.NOT.(TRLEAK)) GO TO 99974
«R1T£(PRHLE,1029)
FOKMAT(/1X,"NON-ZERO FLO* RATES FROM SPECIFIED-HEAD NODES:"// 
11X,"LAYEK K0« COL, HOKIZ. RATE (L,**^/!) VERT. RATE (L**3/T)"/ 
21X,"———— —— —— —————————————————— ——————————————————"/)
DO 99973 LOOP=1.KTRFLO
IF(.NOT.(CHFLUwCLOOP).NE.O..OR.FLEAK(LOOP).NE.O.)) GO TO 99972
WH1TE(PRF1I,E,1030)CiJKKLU(LOOP,LUOPA),LOOPA=1,3),CHFLOW(LOOP), 

IFLEAK(LOUP)
FORMAT(lX,13,l6,I5,3X,E20.b,2X / E19.6)
CONTINUE
CONTINUE
GO TO 99975
WRITE(PKFILE, 1009)
FOkMAT(/lX,"NON-ZERO FLO* RATES FROM SPECIFIED-HEAD NODES:"//

1 IX," LAYER R0« COL RATE (L**3/T) " /
2 IX," ———— —— —— ———————————— « /) 
DO 99971 LOOP=1,KTRFLD
I*(.NOT.(CHFLU«(LUOP).NE.O.)) SO TO 99970
WRIXt.CPRFlLE, 10)0) ( 1JKKLO ( LOOP , LOOPA ) ,LOOPA = 1 ,3) , CHFLOrt ( LOOP) 
FORMAT(1X,17,2I5,E15.6) 
CONTINUE 
CONTINUE
*R1TE(PRF1LE,1008)

1030
99972
99973

999^4 
1009

1010
99970
99971

C
C 
C
9997b 
1022

C 
C 
C 
r
C 
99976

CHECK FOR SPEC1F1EU-HEAD ARRAY OVERFLOW

IF(NOVCH.GT.O)*RITE(PRFIL,k., J 022 ) KTKFLO , NO VCH
FORMATC 1X,"SPECJHEU-HEAD VALUE ",I4," ABOVE CONTAINS SUM FLOW RAT 

1ES FOR ",14," SPECIF1ED-HEAD NODES.")

VERTICAL FLOW

PHJNT FkMn.fcY FOR TKANSTKUT LEAKAGE PROBLEM

1F(.NOT.(TRLbAK)) GO TO 99968 
WRITE(PKF1LE,1011)

1011 FORMAH/1X, "FLUK RATES TO LAYER (-ROM ADJACENT CONFINING BEDS. POS 
11TIVE VALUE JNP1CATES FLU»< FROM CONFINING bEDS."/
21X," TO FLO«"/1X,"LAYER RATE " / , IX , " --—— - — - —— — —— "/) 
LOOP=KO

03792
03793
03794
03795
03796
03797
03798
03799
03800
03801
03802
03803
03804
03805
03806
03807
03808
03809
03810
03811
03812
03813
03814
03815
03816
03817
03819
03819
03820
03822
03823
03824
03825 
03B26
03827
03828
03829
03831
03831
03832
03834
03835
03836
03837
03838
03839
03841
03842
03843
03844
03845
03846
03847
03848
03849
03850
03851
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630

635

640

645

650

655

660

665

670

67b

680

999b7 IFCLOOP.Lf.l) GO TO 99966
wRJTECPRFILE,1012)LOOP,FRMCLAY ( LOOP) 

1012 FOKMATC1X,13,4X,E12.5)

C 
C 
C
99968 
101 3

GU TO 99967 
GO TO 99969

PRINT UPFLOw FOR PROBLEMS NOT USING TRANSIENT LEAKAGE

*RITE(PRKILE,1013)
FORMATC/1X, "VERTICAL FLO* BETWEEN LAYERS. POSITIVE VALUE INDICATE 

1.S UPWARD FLOW,"/1 A," TO KL3w"/lX"LA*ER RATE*/ 
21X,"———— -- —— —————— "/)
LOOP=KO 

99965 IF(L09P.Lr.2) GO TO 99964
h'RlTECPKFiLE, 1 0 1 2 ) LOOP, UPFLOrf ( LOOP )
LOGP=LOOP-1
GO TO 99965
CONTINUE
dRITECPRFILE,l008)

99964
99969
C
C
C

PRINT RIVER/AQUIFER LEAKAGE

1F(.NOT.(NR.LE.O) ) GO TO 99962 
*RIIt.(PRFlLE, U>24)

1024 FORHATCIX,"NO RIVERS OR RIVER FLOW/DISCHARGE DATA.")
GO TO 99963 

99962 «R1TK(PRFILE,1025)NKN,NR
1025 FURKATC"1","RIVER FLO«/D1SCHURGE DATA:",14," RIVER NODES DEFINED F 

10R",I4," RIVERS."//
21X,T40," fvUDE RO* COL LAYER RATE TO Gw KATE DOWNSTRE AW / 
31X.T40,"- — — ----- .---_ . — ... —.. — _.—— ...... —— -.-_»-,-_»/)

NOt>E = 0
DO 99961 KK=1,NK
ft1 RrfE(PRFiLE,1026)KK,NRC(KK)

1026 FORhAT(lX,"R]VER REACH",14, 
K4=K3+NRC(KK)-1

HAS ",I 4," NODES."/)

: EACH RIVER NODE OF THIS REACH

DO 99960 JJ=K3,K4 
NUt)E=NOI)E+l 
I=INDXC1,JJ) 
J=INDX(2,JJ) 
AHKA=DELX(J)»UELY(I) 
UPARCA=QKA(I,J)*AKEA
WRITECPkFlIjE, 1 027) NUDE, 1, J , KFLOW ( J J ) , OR ARC A , RFLOrf ( JJ ) 

1027 FORMAT(1X,T40,4(15,1X),2CE11.4,1X))

99961 CONTINUE

102« FURMATC/1X,"REMAINING DISCHARGE IN STREAM REACHES:"// 
11X, M RIVF.R REACH ",2X," DISCHARGE"/ 
21X," —————————— ", IX," —————————— "/ 
3(1X,I6,6X,E11.4))

03852
03853
03854 
03H55
03856
03857
03858
03859
03860
03862
03863 
OJB64
03865
03866
03867
03868
03869
03870
03871
03872
03873
03874
03875
03876
03877
03878
03879
03881
03882
03883
03884
03885
03886
03887
03888
03889
03890
03891
03892
03893
03894
03895
03896
03897
03898
03899
03900
03901
03902
03903
03904
03905
03906
03907
03908
03909
03910
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665

b90

69b

700

705

710

715

720

725

730

735

740

99963 WRITE(PRFILE,1008)
C
C WRITE ITERATION HEAD CHANGES AND LOCATIONS
C

WRIT F.(PRFILE,1021)(I,BJG1(I),BIGJ(1),BIGK(1),DLHDMX(I),1 = 1 
1021 FORMAf(/lX,"MAXIMUM HEAD CHANGE KUR EACH ITERATION:"/ 

1 IX,"- ——— - — - — - — -- — — ------ — — — ___._--«//
21X,4( "ITER ROn CUL LAY HEAD CHANGE ")/

4(lX,4(I4,2I5.14,lX,t:i2.5,2X))) 

; WRITE NUMBER UF lit-KAHONa fEK TiMESTEP

WRITF.(PRFILE,1008)
WR1TE(PRF1LE,1014MI,I = 1,KT)
rfkli'ECPRFlLE, 100K) 

1014 FOkMAH/lX, "imt STEP : H ,40I3)
wRITMPKFILE, 1016) (1TTS(I) , 1 = 1 ,KT) 

lOlb FORHAT(IX,"ITERATIONS:",4013)
WRITF.(PKFILE,1008)

END OF MASS BALANCE AND PRINTED UUfPUT FOR THIS TIMESTEP 
IF JOB IS FINISHED, DUMP SNAPSHOT OF MODEL TO BACKUP FILE 
THIS FILE MAY BE USED j'O RESTART THE PROBLEM AND/OR TO POST- 
PROCESS THE CALCULATED DATA.

ORDER OF DATA ON RESTART FILE IS:

1. SCM COMSON BLOCKS
2. LCM COMMON BLOCKS
3. MODEL LAYERS, FRO* bOTTOM TO TOP, IE FROM LAYER 1 TO KO
4. TRANSIENT LEAKAGE ARRAYS (IF ANY) FROM LAYER 1 TO Kl

IF(.NDT.(DMPRES)) GO TO 99959
DMPTAP=4
CALL REMARK("RESTART FILE WILL BE WRITTEN ON BAKOUT")

RESTART FILE MAY BE REQUESTED FROM THE OPERATOR/SYSTEM BY THE USER 
EXPLICITLY *ITh CONTROL CARDS:

REQUESTIBAKOUT,PE,E,RING,VSN=...), OR SIMILAR,

OR, MAY BE REQUESTED DYNAMICALLY BY THIS PROGRAM. THE USER MUST 
HAVE SPECIFIED A "VSN" CARD IN MODEL INPUT, AS DESCRIBED IN 
PROGRAM UATAIN. VARIABLE "0JTVSN(2)" CARRIES ALL DATA NECESSARY.

OPTIONS INCLUDE PERMANENT FILE, PHYSICAL TAPE OR DISK FILE.

IF(("PF").NE.(OUTVSN(2))) GO TO 99957
CALL « 0 U E S T '* I. n A K n 11 T "PF".ft.0.0.0.0.0.0)
GO TO 99V58 

99957 IF(("*PF").NE.(OUTVSN(2))) GO TO 99956
CALL RUUESr(bLbAKOUT, M PF",0,0,0,0,0,0,0)
GO TO 99Vbb 

99956 IF(("VSN=").NE.(OUTVSN(2))) GO TO ^9955
CONTINUE
GO TO 9995U

03912
03913
03914
03915
03916
03917
03918
03919
03920
03921
03922 
03^23
03924
03925
03926
03927
03928
03929
03930
03931
03932
03933
03934
03935
03936
03937
03938
03939
03940
03941
03942
03943
03944
03945
03946
03947
03948
03949
03950
03951
03952
03953
03954
03955
03956
03957
03958
03959
03961
03962 
03*64
03964
03965
03967
03967
03968
03970
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745

750

755

760

765

770

775

780

785

99955

99954
C
C
C
9995«

IF((" ") .NE.(OUTVSN(2)M GO TO 99954
CON riNUE
GO TO 99958
CALL ROUF.bT(6LBAKOUT,"PE" ,"E","KING",OUTVSN(2),0,0,0,0)

POSITION FILE

REMIND DKPTAP 
WAIT=UN1T(UHPTAP)

COMMON KLOCKS

CALL BUFBKTtFkSTDMl,LASTDMl,HXA,HXA,0)
CALL KKMAhKC'SCM COMMON WRITTEN")
CALL, BUFuKTClinm, 10UM, F RS f DH2 , LASTDM2 , 1 )
CALL REMAkN("LCM COMMON WRITTEN")

LAYERS

DO 99953 K=1,KO 
CALL LOCLEV(K)
CALL bUFIN(HXA,"HXA B ,NIN,K)
CALL bUFbKT(JDUM,lDUM,HXA(l),HXACNWPL),l) 
ENCOOL'(20, 1017,MSG)K

1017 FUKMArC'LAYEK ",14," WRITTEN ") 
MSG(3)=0 
CALL 
CONTINUE9995J 

C 
C 
C

TRANSIENT LEAKAGE, IF ANY 

IF(.NOT.(TRLEAK)) GO TO 99952

795

99950

1018

99951
C
C
C
S9S52

C
C 
C 
99959

IAO=1-NWOKOS
DO 99951 K=1,K1
DO 99950 1=1,2
IAD=IAD+N*ORDS
CALL RMGKT(1KFIT,IAD,NWORDS,HXA)
CALL UUFbKr(lDU«,10UM,HXA(l),HXA(N WORDS),!)
CONTINUE
ENCODEC 30,1 018, MSG)K
FOKMAT( H LAYER ",14," LEAKAGE WRITTEN ")
MSG(4)=0
CALL RE.MAKKCMSG)
CONTINUE

ENDFILE

(UMPTAP) 
REWIND UMPTAP

TERMINATE HEAO DUMP FILE (WRITTEN IN CHECK-), IF ANY 

IK( .NOT. (PHIDMP) ) GO TO 99949

03970
03971
03973
03974
03977
03978
03979
03980
03981
03982
03983
03984
03985
03986
03987
03988
03989
03990
03991
03992
03993
03994
03995
03996
03997
03998
03999
04000
04001
04002
04003
04004
04005
04006
04007
04008
04009
04010
04011
04012
04013
04014
04015
04016
04017
04019
04020
04021
04022
04023
04024
04026
04027
04028
04029
04030
04031
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CALL kEMAKK( H HKAD DUMP FILE WRITTEN")
800

805

810

STOP kUN IP ERROR CONDITION
c 
c 
c
99949 1F(.NOT.(EkFLAG.GK.2)) GO TO 99948

J FCNhC,k«K.GT.O)CALL HYDROG
CALL PLOTCU,0,40)
1F{ .NOT. {EkH.AG.LJ.2) ) GO TO 99946
CALL RKMAHK("MAXIMUM ITERATIONS EXCEEDED")
GO TO 9994V 

9994b CALL RLMAHKC'hELL GOES DKY. TERMINATE RUN.")
99947 STOP "KRRGK CONDITION"
99948 CONTINUE 
9997B END

04032
04034
04035
04036
04037
04033
04039
04040
04041
04042
04044
04046
04048
04049

CARD NR. SEVERITY DETAILS

680
669
699
761
776
777
798

DIAGNOSIS OF PROBLEM

CONTROL VARIABLE IN COMMON OR EUUI V A LENCED ,
CONTROL VARIABLE Id Uk ECl'J I V ALENCED ,
CONTROL VARIABLE iN COMhON Ok EOU I V ALENCED ,
CONTROL VARIABLE IN CQM«.JN Ok EOU 1 VALENCE!) ,
CONTROL VARIABLE 1 M CO M.«UN OR EOU I V ALEKCED ,
CONTROL VA^IA^LE IN COMMON Ok EOU i V ALF.NCED ,
CONTROL VARIABLE IN COMMJN OK EOUI V ALENCED ,

OPTIMIZATION 
OPTIMIZATION 
OPTI .u 1 ZA Ti ON 
OPTIMIZATION 
OPTIMIZATION 
OPTIMIZATION 
OPTIMIZATION

MAY 
MAY 
MAY 
MAY 
MAY 
MAY 
MAY

BE INHIBITED.
BE INHIBITED,
BE INHIBITED,
BE INHIBITED,
BE INHIBITED,
BE INHIBITED,
BE INHIBITED,
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10

15

20

25

SUBROUTINE PKDATE 

PRINT TODAYS DATE

I/O FILES

INTEGER HDUrtP,BAKlN,HAK3UT,PRFILE,UBSFIL
COMMON /lUriLEVHUUMP,MLT A, BAKIN,BAKUUr, 1 NFILE , PR FILE , OBSFIL

GLOBAL PAKAMETERS

INTEGER SCMFL,TODAY,ERFLAG,FINLTS
LOGICAL TRACE, USELCM, USER MS, US KB10,hFb 000, MF7000
COMMON /liljHPKrl/CbSUKE.LMK I, A(J,F1NL'1S,LCMFL,SCMFL,VERUIG
COMMUtj/VUKKST/LCPHl,LCWEL,LCSTR,LCT,LCS,LCTR,LCTC,LCTK,LCfLi
1LCFL,LCGL,LCV,LCX1,
2LCBOT,LCPEKM,
3LCTL,LCTLK,LCSL,LCZCB,LCRATE,

CUMHUN/MKSIZE/USELCM,USERMS,USfc:BIO,MFbOOO,MF7000,N^DLCM, 
ILCMPTR(lbU)

: PRINT

WRITE(PRFILE,1000)TODA*
1000 FORMAr(lX,T90,"TUUA*S UATE (MDY) IS 

RETURN 
END

,A10)

04050
04051
04052 
0405J
04054
04055
04056
04057
04058
04059
04060
UlUOJt

04062
04063
04064
04065
04066
04067
04068
04069
04070
04071
04072
04073
04074
04075
04076
04077
04078
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10

SUBROUTINE PKtNTCNAME)

PRINT F.NTKY NAME IK DEBUG PRINT OPTION IS SET

I/O FILES

INTEGKR HDUMP,BAMU,HAKOUT,PRKILE,OBSFIL
COMMON/i OKI Lt/riUUMP, Ht.TA,BAMN,BAKOUT,INFILE,PRFILE,OBSFIL 
wRlll-:(PKFiLE,100U)NAME

1000 FOKHATC 1 X, "ENTUY " M°. M F MT ERED.") 
RETURN 
END

04079
04080
04081
04082
04083
04064
04085
04086
04087
04088 
w4C 5S
04090
04091
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10

20

25

30

45

50

55

SUBROUTINE PRAkY(HX,KK, OPTION, LOOP)

PRINT OUT ARRAYS IN HX (LAYER KK) DEPENDIMG ON OPTION 
OR PRINT NAMKL1ST AND OTHER ARRAYS FQK RECHARGE AND

OPTION = U THRU NVPN GENERATES A DUMP OF THE APPROPRIATE VARIABLE
OPTION =
OPTION =
OPTION =
OPTION =
OPTION ~
OPTION =

"ALL DATA' 
"DRAWDOWN 1 
"RIVER" 
"^ELL"

"SURFACE"

GENERATES A DUMP Of THE COMPLETE DATA SET
GENERATES A DRAWDOWN DUMP
GENERATES A DUMP OF ALb RIVER RELATED DATA
GENERATES A UU*P OF ALb WELL RELATED DATA

GENERATES A DUMP OF ALL WATER SURFACE HEADS

LEVEL 2,HX 
DIMENSION HX(l) 
DIMENSION DDC200) 
LOGICAL YES 
INTEGER OPTION,TYPE

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,ERFLAG,FINLTS
LOGICAL TRACE,UStLCM,USEKMS,USEB10,MF6000,MF7000
COKMON/CiLBPKM/CLSURt. ,.EHFLAG,FINLrS,LCMFL,SCMFL,VERBIG
COM*ON/VOtFST/LCPHl,LCW£L,LCSrR,LCT,LCS,LCTR,LCTC,LCTK,LCEL,
1LCFL,LCGL,LCV,LCXI,
2LCHOI,LCPtRM, .
3LCTL,LCTl,K r LCSL,LCZCB,LCRATE,
4NVPhl,NNPK,NNPC,NNPL l NNAL r NWPK,Nw'PC,N*PL,NWAL,TRACE,TODA¥ 
COMMON/MFSIZt/USELCM.USERMS^SEUJOjMFbOOOfMFVOOO^WDLCM,
1LCMPTRC150)

LOOP, R0«, COLUMN, LAYER POINTERS

COMMON/LOOPS/I,J,K,IO,JO,KO,I1,J1,K1,I2, J2,K2

TIME RELATED SCALARS

COMMON/TSCAL/CDLT,DELT,DELTM1,DAYS,DAYSP,HRS,SHIN,SUM,SUMP,TMAX, 
1YRS,YRSP

I/O FILES

INTEGER HDUMP,BAKIN,BAKOUT,PRFILE,OBSFIL
COMMON/I of i LF/H uUMp,MET A,BAMN,BAN OUT,INFILE,PRFILE,OBSFIL

ITERATION AND TIME PARAMETERS

LOGICAL. MTSIP,LITP'S ur<AL t>u f""^G
CON-MON/1TPARM/KP,KT,1T,NPER,NUMT,MODPR,MBALPR,ITMAX,ITMX1,NRHOP, 

1RHOP(20),«MAX,CNVRG,ITTS(200),DAMP,LITS1P,LITPIS

HEADINGS

INTEGER HEADNG,VNAME
COMMON/HOG/HEADNGC14),VNAHEC25)

04092
04093
04094
04095
04096
04097
04098
04099
04100
04101
04102
04103
04104
04105
04106
04107 
0410B
04109
04110
04111
04112
04113
04114
04115
04116
04117
04116
04119
04120
04121
04122
04123
04124
04125
04126
04127
04128
04129
04130
04131
04132
04133
04134
04135
04136
04137
04138
04139
04140
04141
04142
04143
04144
04145
04146
04147
04146
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60

65

70

75

85

90

95

100

105

110

LIST/MAP CUBES

INTEGER LOKM,CUBOEF
LEVEL 2,1CUBF.G, 1 CUKND , JCUbEG , JCUEND , KCUBEG , KCUENO , LORM , X FPI, YFP1, 
1CUHDEF,CUN1NT,HASKV,PbCHAR
COMKUH/CUBKS1 /NCUHKii , NPCH
COMMON/Cuttr:S2/lCUBr.G( bO) , 1CUKMM bO) , JCUBEG( 50) , JCUEND ( bO) , 
lKCUbEG(5(J),KCUl-NU(bU),l.DkM(bO),XKPI(50),lfFPl(bO),CUBDEF(50), 
2CONlNT(50),BASEV(bO),PLCHAR(4,20)

PUMPING DATA

LEVEL 2, I*, J*,K*,L,OCWN,WELVAL 
LOGICAL WELZRO
COMMON/PMP(;1 l/N^EL,Kf«H, WELZKO,OFAC(J 00)
COMMON/PHPl>I2/Irf( 100) ,J«( 100) ,K*( 100) ,LOCWN( 100) ,rtELVAL(100) 
CDMMUN/»itfK/NR,NRN,NTOT,fJADD(20),NRC(20),US(20),RU(20),KFLO»(200) 
10MAX(200),HtLO«(200),Rlvl t.«(200),TU(200),VKC200),lNDX(2,200),OK

2D BOTTOM AND PERMEABILIiy 

COMMON/BOTPRM/LOTTOMC1,1),PERM(1,1) 

RECHARGE

LEVEL 2,UHE 
COMMON/RECH/QRE( 20, 20)

WATER SURFACE

LEVEL 2,*SUR 
COMMON/hSURF/^SUR( 20, 20)

RIVERS

LEVEL 2,OHA
COMMON/RIVK2/QRA( 20, 20)

NAHEUST KOR DUMPS

NAMEL15T/rtIVNAM/NR,NTOT,NRC,NAOD,RQ,VK,kIVER,QMAX,INDX,QS,TQ 

DETERMINE IF CUBE EXISTS FOR THIS CALL

IF(TRACE)CALL, PRENT ( " PR AR V " )
YES=((KN.EU.0).AND.(OPTION.EU."SURFACE")).OR. 

1 C(KK.EQ.U) .AND. (UPTION,f;0, H RJVER") ) 
1F(,NOT.(.NUT.YES)) GO TO 99999 
yES = (KK.UE.KCUr)EG(LOOP)) .A^D. ( KK . LE . KCUEND ( LOOP) )

iF(.NOT.(OPTION.NE."KlVEK n )) GO TO 99997 
IK( .NOT.(LOOP.F.U.I) ) GO TO 99996

1001 FORMAT("1",13A10,A2) 
CALL PRUATE

1002 FORMATUX, "PUMPING PERIOD " , I 4 / 1 X , "T I MESTEP" , 7X , I 4/ 1 X , " I TER AIION'

04149
04150
04151
04152
04153
04154
04155
04156
04157 
0415B
04159
04160
04161
04162
04163
04164
04165
04166
04167
04168
04169
04170
04171
04172
04173
04174
04175
04176
04177
04178
04179
04180
04181
04182
04183
04184
04185
04186
04187
04188
04189
04190
04191
04192
04193
04194
04195
04196
04197 
04 1 uQ
04200
04201
04202
04203
04204
04205
04206
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115

120

125

130

135

140

145

150

155

160

165

170

16X,14/lX,"NUMrtKR WELLS",3X,14/1X,"DELT",2X,E13.6) 
C
C LOOP ON ALL CUBES DEFINED FOR OUTPUT
C
99990 1IB=1CUBEG(LOOP)

IlE=ICUtND(LOOP)
JJb = JCUBt-,G(LOOP)
JJfc'=JCUKND(LUGP)
WKITK(P«F1LE,101?)LOOP,KK,IIB,I1E,JJB,JJE 

1012 FOkMAT(/lA,132("-")/lA,"LISTING FOR CUBE",14/12X,"LAYER",I 4/
113X,"KOWS",I4," TO ",I4/10X,"COLUMNS",14," TO ",I4/> 

C
c SELECT CORRECT OUTPUT ACCORDING TO OPTION 
c
99997 TYPE=OP1ION

1003 FORMAK/1X, 132("-")/lX. "LISTING OF " , A 1 0 , " FOR LAYER", 14," WHERE L 
1A*ER",I4," IS THE TOP AND LA1EK 1 IS THE BOTTOM. "/) 
rfRlTE(PkFlLL,1004)(Il,VNA*E(II),II=l,NVPN)

1004 FORMATC/1X, "RO* CiJL M , 1 0 ( I 2 , "- " , A7 ) / 1 X , "MUM NUK " , 1 0 C 1 2 , "-" , A7
!)/(! IX, 10(12,"-", A7) ) ) 

1006 FORMAT(1X,13,2X,I3,2X, 10E10.3/11X,10E10.3/!1X,10E10.3)

LOOP ON THIS LAYER

LFWTN=1-MVPN
DO 99993 LUOPA=1,NNPL
LFWTN=LFWTN*NVPN

IFCTYPE.EU.-2)1 lfPE = " SURFACE"

1FCTYPE.EU.-4)TYPE="BOTTOM"

ALL VARIABLES

1F(("ALL DATA").NE.(TYPE)) GO TO 99994

IF(.NOT . (HKUft.lifc.IIB.AND.NROW.LE.IIE)) GO TO 99992
NCOL=MOD(LUOPA,NMPR)
lF(NCOL.fc.U.O)NCUL=NNPK
IFC.NOT. (NCUL.GE. JJB. AND . NCOu . LE . J JE ) ) GO TO 99991

WRITE(PHKILE, 1 006 ) NROw ' , NCOL , (HX(1I) , I I = LF^TN , LLWTN ) 
99991 CONTINUE 
9999^ CONTINUE
99993 CONTINUE
C
C DRAWDOWN
C

GO TO 99995
99994 1F( ("DKAwDO*N") .NE. (TYPE) ) GO TO 99990 

WKlTE(PKKILt:,1003)rYPE,KK,KO 
rtRITK'CPkh ItjE, 1007) (JJ, J.I = JJB, JJE)

1007 FOHHAT(/1X, "CULUMN NUMbKKS : " / / ( 1 X , 1 0 ( " I —— -",13," —— I "))) 
=(Ilh-l)*l«rt 
= KCONt-LCPHi 
= KCUN-«-LCS'rH

04207
04209
04210
04211
04212
04213
04214
04215
04216
04217
04218

04220
04221
04223
04224
04225
04226
04227
04229
04230
04231
04232
04233
04234
04235
04236
04237
04238
04239
04240
04241
04242
04243
04244
04245
04246
04247
04248
04249
04250
04251
04252
04254
04255
04255
04257
04258
04259
04260 
042C-0
04261
04262
04263
04264
04265
04266
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175

180

185

190

195

200

205

210

215

220

225

DO 99989 Il=IIR,Iie 
WRlTFtPKFlLE,1009)11

100H FDKrtAT(/lX,"RQ* NUMBEK ",I4) 
DO 999Sb JJ=1,NNPR 
LPHI=LPrtltNVPN 
LSTR=LSTR+NVPN
lF(JJ.Gt.. JJ8.AND.JJ.LE.JJE)UQ( JJ ) =HX(LSTR)-HX(LPH1) 

9998B CONTINUE
*RJTF(PKFILE,1009)(DD(JJ),JJ=JJB,JJE)
FORMAT( (lX,10(tJ12.5,lX)))
CONTINUE

RIVER DATA -- NAMELIST OUT

1009 
99989 
C 
C 
C

GO TO 99995 
9999U IF{( M RIVEK").NE.(TYPE)) GO TO 99987

TYPE="R1VER/QRA M
WRITE(PKFILE,1003)rYPE,KK,KO
*R1TE(PKF1LE.R1VNAM)
WRITt:(PI>l- 1LE,1007) (JJ,JJ=JJB,JJE)
DO 99986 ll = lits,HE
wRlTL-CPKFJl.t, 1008)11
wkITt:(PRHLE,1009) C UK A( 11 , J J ) , J J=J JB , J JE)
CONTINUE

PUMP/WELL DATA

999S6 
C 
C 
C

GO TO 99995 
999K7 1F(( H WELL") .NE.CTYPE) ) GO TO 99985

•*R)Tt:tPKFlI,E,1003)TYPE,KK,KO
WRlTKtPKHLt,l010)NWEL,KTRW 

» FOHMATC IX, M N*El,= h , 14," KTRri = ",I4// 
11X, M I (ROW) J (COL) K (LAYtR) LOCWN
JJ=MAXO(N«KL,KTKW)
DO 99984 11=1, JJ

WLLVAL"//)

,LOCWN(II) ,WELVAL(I1)
FOKrtAT(lX,4I10,lX,E11.4) 
CONTINUE

PERMEABILITY FOR 2D WATER TABLE

1011
99984
C
C
C

GO TO 99995
9998b IF( ("Pf'.KM") .NE.( TYPE) ) GO TO 99983 

IF( .NUT. ( KK.F.O.KO) ) GO TO 99982 
WRITE(PRFILE,1003)TYP£,KK,KO 
"HITKCPrtFILE,1007)(JJ,JJ=JJB,JJE) 
DO 49981 U=Ilb,HE 
KR11ECPKF1LE, 1008)11

CONTINUE99981 
C 
C 
C

BOTTOM OF TOP LAYEK FOR 21? WATER TABLE

GO TO 9999S 
99983 IF(("BOTTOM").Nt.(TYPt)) GO TO 99980 

1F(.NUT.IUK.EU.KO)) GO TO 99979 
WRIfE(PKFlLE,l()03)TYPE,KK,KO

04267
04268
04269
04270
04271
04272
04273
04274
04275
04276

04279
04280
04281
04282
04282
04283
04284 
0428b
04286
04287
04288
04289
04290
04292
04293
04294
04295
04295
04296
04297
04298
04299
04300
04301
04302
04303
04304
04306
04307
04308
04309
04309
04310
04311
04312
04313
04314
04315
04316
04319
04320
04321
04322
04322
04323
04324
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230

235

240

245

250

255

260

265

270

275

260

2B5

WR1XE(PRFILE,1007)(JJ,JJ=JJB,JJE)
DO 99978 1I=IIB,I1E
WRITElPKKILK,1008)11
Wkl IEIPRF1LE,1009)(BOTTOM(11,JJ),JJ=JJB,JJE) 

9997B CONTINUE 
C
C RECHARGE 
C
99979 G3 TO 99995
99980 IF(("RECHARGE"),Mb.(TYPE)) GO TO 99977 

1F(.NOT.(KK.EQ.KO)) GU TO 99976

DO 99975 I1=IIH,IIE
WR11E(PRF1LE,1008)11
WRITE(PKHLE,10U9)(UKE(II,JJ),JJ=JJB,JJE)

99975 CONTINUE
C
C WATER SURFACE
C
99976 G'J TO 99995
99977 IF(("SUrtKACE n ).NE.(TYPE)) GO TO 99974
C
C ONLY LISTED AFTER PROCESSING DOwN THROUGH ALL LAYERS
C

IFC.NOT.(KK.EO.l)} GO TO 99973
WRI ft:(PKt ILE, 1014)

1014 FOKMAr(//lX,"DUKP OF WATER SURFACE (TOPMOST ACTIVE NODES) HEAD VAL 
1UES.")
«RJTE(PKFll.E,1007)(JJ, JJ = JJB,JJE)
DO 99972 I1=IIB,1IE
wKITF. (PRFlLe:,100H)II
KklTK(PRHLE,1009) ( WSUR (11 , J J ) , J J = JJB , JJE)

99972 CONTINUE
C
C INDIVIDUAL VARIABLE (1-NVPN)
C
99973 GO TO 99995
99974 1F(.NOT.(TJPK.GE.O.AND.TYPE.LE.NVPN)) GO TO 99970 

TYPfi = VNAME(rYPt->l) 
*'R1TE(PRK1LL,1003)TYPE,KK,KO 
WRITE(PhFJLE,1007)(JJ,JJ=JJB,JJE)

l = (llb-2)*M«PR+( JJB-1 )*'JVPN*-1+ OPTION 
< = (JJi->JJH+l)*NVPN-l

DO 9^969 11 = 11 H,HE 
w'RI IKCPhKlLE, 1008)11 
LVAR=LVAH+NWPR 
LASTV=LVAK+KCON

99969 CONTINUE
GO TO 99971 

C
C ERROR CONDITION - NO SUCH LISTING AVAILABLE 
C
99970 WRlTE(PRHl,e,1000)TYPE,TYPE
1000 FOKMAT(IX,"EKHOK--PKINTER LIST OPTION NOT DEFINED. AlO=",A10, 

1" OCTAL=",U20,"B")

04325
04326
04327 
0432B 
0<?3?9
04332
04333
04334
04335
04335
04336
04337
04338
04339
04340
04341
04342
04345
04346
04347
04346
04346
04349
04350
04351
04352
04353
04354
04355
04350
04357
04358
04359
04360
04363
04364
04365
04366
04367
04368
04369
04370
04371
04372
04373
04374
04375
04376
04377 
0 4 ? ? «
04379
04380
04381
04382
04384
04385 
0438b
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99971 CONTINUE 04389
9999b CONTINUE 04390
99998 KETUKN 04391

END 04392
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10

15

20

25

30

35

40

45

50

55

SUBROUTINE PRMAP(HX,KLEV,OPTION,LOOP)

PRINTER HAP ROUTINE
CALLS IN THIS fcOlli'lNK INTERFACE WITH "METAPLOT" SOFTWARE 
INSTALLED AT A1H FUKCE *KAPOrJS LABORATORY, KIRTLAND AFB, 
NEW MEXICO. "MtlTAPLOT" *AS DEVELOPED JOINTLY BY KAFB, 
SAND1A LABS AND.LASL. DOCUMENTATION IS AVAILABLE AT KAFB.

OPTION = 0 THRU NVPN GENERATES MAP OF THE APPROPRIATE VARIABLE 
OPTION = "DRAwDOrtN" GENKKATES A DRAWDOWN HAP
OPTION = "SUHKACE." c.i.-i^^^Tt.-^ 4 MAP nr THF WATKR

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,ERFLAG,FINLTS
LOGICAL TKACF. ,USELCM,USEKMS,USKBtO,MF6000,MF7000
COMMON/GI,riPKM/CL,SURE,EKFLAG,F1NLTS,LCMFL,SCMFL, VERBIG
COlMON/VOFtST/I.CPHI,LC»Jc;L,LCSTR,LCT,LCS,LCTK,LCTC,LCTK,LCEL,

1LCFL,LCGL,LCV,LCX1,
2LCHOT,LCPEHM,
3LCTL,LC1LK,LCSL,LC'^CI5,LCRATE,
4NVPN,NNPH,r,NfC,NNPL,N,-vAL,Nn/PR,NWPC / NwPL,N«'AL,TRACE, TODAY 

COMMON /MFSlZE/USELCM,USERMS,US£o.lO,MFt>t>00,MF7000,N*DLCM,
ILCMPTRClbO)

LOOP, ROW, COLUMN, LAYER POINTERS 

COMMON/LOOPS/I,J,K,IO,JO.KO,I1,J1,K1,I2,J2,K2 

TIME RELATED SCALARS

COMMON/lSCAL/CDLT,OELT,DELrMl,DAYS,DAYSP,HKS,SMlN,SUM,SUKP,TMAX, 
1YRS,YRSP

1/0 FILES

INTEGER HDUMP,BAK1N,HAKOUT,PRFILE,OBSFIL 
COMMOH/IOFlLE/KUUMP,MErA,BAKIN,aAKOUT,INFILE,PRFILE,OBSFIL

ITERATION AHD TIME PARAMETERS

LOGICAL LITSlP,LIlPIS,MclALPR,CNVRG
COMMON/iTPARM/KP,t\T,lT,NPER,NUMT,MODPR,MBALPR,ITMAX,ITMX1,NRKOP, 

lRHOP(20),rtMAX,CNVRG,ITTS(^00),DA«P,LITSIP,LITPIS

HEADINGS

INTEGER HEADNG.YNAME 
COMMON/KUG/HEADNG(14),VNAME(25)

LIST/MAP CUBES

INTEGER LOKM,CUBDEF
LEVEL 2,JCUBEG,ICUbND,JCIJbEG,JCUEND,KCUBEG,KCUEND,LORH,XFPI,YFPI, 

lCUrtUfK,CUN!NT,HAStV,PLCriAR 
COMMON/CUBESl/NCUBES,NPCrt

04393
04394
04395
04396
04397
04398
04399
04400.
04401
04402
04403
04404
04405
04406
04407
04406
04409
04410
04411
04412
04413
04414
04415
04416
04417
04418
04419
04420
04421
04422
04423
04424
04425
04426
04427
04428
04429
04430
04431
04432
04433
04434
04435
04436
04437
04438
04439
04440
04441
04442
04443
04444
04445
04446
04447
04448
04449
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60

6b

70

75

80

85

90

95

100

105

110

COMMON/CUbKS2/lCJBt-:G(50) , ICUENOCbO) , JCUBEG ( 50 ) ,JCUEND(50), 
IKCUbEGCbO) ,KCUF.N|j(bO) ,LORM(bU) ,Xh PI (bO) , YFHI(bO),CUBDEFC50), 
2CONlNT(50),BASEV(bO),PLC kUR(4,20)

PUMPING DATA

LEVKL 2,1*,Jrt,KW,LOCWN,rtELVAL
LOGICAL wLLZRO
COMMON/PMPDf l/N*EL,KTRW,rfKLZRO,QFAC(100)
coMnoM/rHPi)i2/iw( io(i),j*(ioo},Kw(i()0),LUCWNCIOO) ,WELVALCIOO)
CUMMHM/Rj i/k /WR > (. UM -y TMT H tiiur -;0 i _ fJU C( 20 ) , US( 20 ) ,- Wij f 20 ) f ri.nw f 2 O n ^ 

10KAXC200},KFLO*/l200),KlVERC200),lU(200),VK(200),INUX(2i200),aR

2D BOTTOM AND PEKMtJABl HTY 

COMMON/BDTPKM/BOTTOM(l,l),PERM(i,l) 

RECHARGE

LEVEL 2,ORE 
COMMON/RFICH/OREC 20, 20)

WATER SURFACE

LEVEL 2,hSUft 
CUMMON/*SUKF/KSUR( 20, 20)

RIVERS

LEVEL 2,QRA 
COMMON/R1VR2/ORAC 20, 20)

GRID SlZfc-S

LEVEL 2,UELX,DF.LY,DELZ,DELX1, DELVI , DELZI, FACTX , F ACTY , FACTZ 
COMMON/DF.LXYZ/DKLXC1SO) ,DELY(lbO) , DELZ ( 1 50 ) , DELX I ( 1 bO ) , DELY I ( 1 50 ) , 
10tLZIClbO),FACTA(150),FACrY(lbO),FACrZ(150) 
LEVfcL 2,HX 
DIMENSION HX(1) 
REAL CUMDX(lbO),CUMDY(lbO),CTRDX(150),CTRDY(150)
LOGICAL, FIRST, YLS,UDNOPr,VAR3Pr
LOGICAL SUROP11
INTEGER TUP^SG(9),BOTMSG(3),BCH(10),BV(10),IbVC20)
INTEGER TYPEK
INTEGER PPMSGUO
INTEGER OPTION
DATA I5FORM/HLI7 /
DA1A IKURM /HLI3 /

DATA FIRST/.TRUE./
DATA BVMM',t3VHXT,bVMNrt,BVMX*/4(0.)/ 
IF(TRACE)CALL PkLNT("PRHAP")

IS THIS LAYER IN THIS CUBE

KTHIS=KLEV
Y EvS=(KTHlS. LE.0).A WD. (OPTION.£3." SURFACE")

04450
04451
04452
04453
04454
04455
04456
04457
04458
04459 
Q&&<-.r,
04461
04462
04463
04464
04465
04466
04467
04466
04469
04470
04471
04472
04473
04474
04475
04476
04477
04478
04479
04480
04481
04482
04483
04484
04485
04486
04487
04488
04489
04490
04491
04492
04493
04494
04495
04496
04497
04498
04499
04500
04501
04502
04503
04504
04505
04506
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115

120

125

130

135

140

145

150

155

160

165

170

1F(.NOT.(.NOT.YES)) GQ TO 99999
yES=(MrtlS.Gh;.KCUbEG (LOOP)).AND. ( K THIS . LE . KCUEND( LOOP) ) 

99994 1FC.NOT.(YES)) GO TU 99998 
C
C rtRITE HEADINGS 
C

1F(.NOT.(LUOP.LE.1)) GO fO 99997

1001 FOKMATC"1",13A10,A2) 
CALL PRDATt:
WKITE(PKFiLE,1002)KP,KT,IT,KrR*,DELT

10C2 FOHKATC 1 X , " P U M f 1 r."7 I>u: u iJD ". i4/1X."TIMESTEP",7X,14 ' !K,"'TfuftTTON• 

16X,14/lX,"HUMbfc.K wELLS",3X,I4/1X,"DELT",2X,E13.b)
C
C ESTABLISH SCREtH IF FIRST CALL - PRINTER IS 10(Y) X 12(X) INCHES
C
99997 IFC.NOT.(FIRST)) GO TO 99996

F1RST=.FALSE.
CALL SCREEN(0.,12.,0.,10.)

SET CUMULATIVE DELX,L>tLY AND CENTER POINTS

CUMl)X( 1 )=OELX(1 )
CVRDXU)=DELX(1)*.5
DO 9^995 LOOPA=1,J1
ITP1=LO()PA+1
CUMDXUTP1)=CUMDX(LOOPA)+DELX(ITP1)
CTKDXdTPl )=CUHDX(LOOPA)+DELX( ITP1)*.5

DO 99994 LUOPA=1,11 
1TP1=LDUPA+1

99995

CrRDY(lTPl)=CUMDY(LOOPA)-»-DELY(ITPl)*.5 
99994 CONTINUE 
C
C ESTABLISH VIEWPORT WITHIN SCREEN, LEAVING ROOM FOK LABELS 
C 
99996 CALL VwPORT(2.,12.,9.17,.83)

XVP=10.
YVP=8.34

LOOP ON ALL CUBES DEFINED FOR MAPPING

I1H=1CUBEG(LOOP) 
IIE=iCUENU(LO(JP)

JJK=JCUEND(LUUP)

1012 FuKMAf(/l A, 13C 10H- — — -----)/!X,*hAP CHEATED FOR CUBE NUMBER*, 13, 
1* FOR LAytl<*,I4,» HU«S*,I4,« TJ *,14,», AND COLUMNS* , 1 4 ,» TO * , 
2I4/J

I "HIGH OPTION TO PLOT

DDN UPT = ( OPT I ON. EO. -1 ) .OR. (OPT ION. EQ. "DRAWDOWN")

04507
04508
04510
04511
04512
04513
04514
04515 
04M6
04517
04518

04520
04522
04523
04524
04525
04526
04527
04528
04529
04530
04531
04532
04533
04534
04535
04536
04537 
C4538
04539
04540
04541
04542
04543
04544
04546
04547
04548
04549
04550
04551
04552
04553
04554
04555
04556
04557
04558 
0 4 b 5 9
04560
04561
04562
04563
04564
04565
04566
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175

160

185

190

195

200

205

210

215

VAKOPT=(OPT10N.GE.O).AND.(OPT1ON.LE.NVPN)
S UH OPT= ( OPT 1 DIM. EU." SDK FACE")
1F(.HOT.(SUKOPT.OR.UDNUPf.OR.VftKOPT)) GO TO 99992 

C
C DETERMINE WHETHER MAP «1LL FIT ON 1 PAGE OR WHETHER IT MUST BE 
C SEGMENTED UVER NUMEROUS PAGES/FRAMES. 
C

TDELX=0.
TDELY=0.
UO 99991 LOOPA=JJB,JJE

99991 CONTINUE
DO 99990 LOOPA = 1IB, HE

99990 CONTINUE
C
C PICK OFF X,y SCALES FOR THIS CUBE AS SET BY DATAIN VARIABLE
C DEFINITION CAKD. BLANK OR ZERJ MEANS AUTO-SCALE.
C

1F(.NOT.(XFPI(LOOP).LE.O..OK.YFPI(LOOP).LE.O.)) GO TO 99989
XX=AMAX1(*FPI(LUOP),YFPI(LOOP),0.)
1F(.NOT.(XX.LE.O.)) GO TO 99987 

C
C MJTO-SCALE 
C

XFPI(LOOP)=TDELX/XVP
YFPl(LOUPJ=Tt>ELY/YVP
GO TO 99988

SET BOTH SCALES TO ONE DEFINED BY USER

XFPI(LOOP)=XX 
YFP1(LOOP)=XX 
CONTINUE

DOES IT KIT IN VIEW PORT

XLL1M=TDELX/XFPI(LOOP) 
YDL1M = TL)ELY/YFPI (LOOP)

NO - HO* MANY SEGMENTS, AND IN KHlCH DIRECTIONS

IF(.NOT.(XDLIM.GT.XVP)) GO TO 99985
NXSEG=XDLIM/XVP
JF(AMOD(XDLIM,XVp).NE.O.)NX5EG=NXSEG+l
GO TO 99986
NXSEG=1
IF(.NOT.(yDLIM.GT.¥VP)) GO TO 99983

C 
C 
C 
99967

99988 
C 
C 
C
99989

C 
C 
C

99985
99986

225

99983 
C 
C 
C
99984

lF(A",OD(yuLIM, VVP) .NE.O. ) Ny SEG = Ny SEG+1
GO TO 99984
NYSEG=1

ESTABLISH EXTREME DATA LIMITS FOR CUBE MAP

XBEG=0.
Ih (JJB.GT.l )XBt.G = CUKDX( JJB-1)

04567
04568
04569
04570
04571
04572
04573
04574
04575
04576
04577
04578
04579
04580
04581
04562
04563
04584
04585
04586
04587
04588
04589
04590
04591
04592
04593
04594
04595
04596
04597
04599
04600
04602
04603
04604
04605
04606 
04b07
04608
04609
04610
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04612
04613
04614 
046i6
04618
04619
04620
04621
04623
04625
04626
04627
04628 
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YBEG=O.
230

235

240

245

250

255

260

265

270

275

280

285

04630
04631

ESTABLISH LIMITS FOR EACH MAP SEGMENT

XCLM=TDELX/(XDL1M/XVP) 
WOFFST=XCON+(XVP*.001)+i.

KSEG=0
= TDELY/(YDJ,IM/YVP)

INE=JIH
»'RITE(PRK1LE, 1 029 ) CON 1 N T ( LOOP)

1029 FOKMATC IX, tCUHTUUK INTERVAL FOR THIS PLOT =*,E11.4) 
= Cl)NiNT(LOUP)*.Ob

LOOP ON DATA MAP SEGMENTS-LEFT TO RIGHT, TOP TO BOTTOM

DO 99982 LOOPA=1,NYSEG 
wy*UN = rfYMN + YCON 
WYMAX=WiMlN+YCON

C
C WHICH Y-MOUE NUMBERS ARE IN THIS WINDOW
C

1N=INE 
99981 IF(IN.GT.IIE.OR.WYMIN.LE.CUMOYCIN)) GO TO 99980

GO TO 99981 
1F(IN.GT.11E)IN=IIB

99979 IF(*YMAX.GE.CU*UY(IN£) . OR . INE . LT. I N ) GO TO 99978
INE=1NE-1
GO TO 99979 

99978 1F(INE.LT.IN)1NE=1IE
JNE=JJfl
DO 99977 LOOPB=1,NXSEG
KSEG=KSEG+1

RESET VIE* PORT FOR NEXT SEGMENT 

CALL VWPOrtT(2. ,12. ,9. 17, .83)

ESTABLISH DATA WINDOW

CALL rfINDOWCWXMlN,WXMAX,WYMIN,*Y*!AX)

DRAW PERIMETER OF SEGMENT

CALL PLUT(rfXMlN,WYMIN,3)
CALL PLOT(wXMrtX,«YMlN,2)
CALL PLOT(»XMAX,«VMAX, 1)
CALL PLOT(rtXMlN,rfYMAX, 1)
CALL PLUf(wXMJN,rtYMlN,l)

04633
04634 
04b3b
04636
04637
04638
04639
04840
04641
04642
04643
04644
04645
04646
04647
04648
04649
04650
04651
04652
04653
04654
04655
04656
04656
04656
04657
04658
04659
04659
04659
04660
04661
04662
04663
04664
04665
04666
04667
04668
04669
04670
04671
04672
04673

0467 C
04676
04677
04678
04679
04680
04681
04682
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290

295

300

305

310

315

320

325

330

335

340

C WHICH X-NODES ARE IN THIS WINDOW 
C

JN=JNE 
99976 JF(WXMIN.LE.CUMDX(JM).OR.JN.GT.JJE) GO TO 99975

JN=JN+1
GO TO 99976 

99975 1F(JU.GT.JJE)J.N = JNE
JNE=JJE 

99974 1F(«XMAX.GE.CUMDX(JNE).OR.JNE.LT.JN) GO TO 99973
JNE=JNE-1
GO TO 99974

9997.J IF(JNE.LT.Jrf)JNE=JJ£ 
C
C PLOT SPECIAL CHARACTERS AT NODE CORNERS 
C

DO 99972 JJrJN,JNE
IF( .NOT. (CUML)X(JJ) .LE. wXMAX) ) GO TO 99971
IFdM.EO. 1)CALL SlMbUL,(CUMDX(JJ),WYMIN,H05,lHI,ZERO,l)
DO 99970 I]=IN,1NE
IF(.NJT.(CUMDY(II).LE.*YMAX)) 30 TO 99969'
CALL SYMBOL(CUHUX(JJ),CUMDY(II),H05,IHf,ZERO,1)
IFCJJ.EU.DCALL SYM6UL(*XMIN,CUMDY(I1),H05,1H-,ZERO,1)

99969 CONTINUE 
99970 CONTINUE 
99971 CONTINUE 
99972 CONTINUE
C
C
C
C
C
C
C
C

C
C
C

CALCULATE AND PLOT VALUE OR SY1HOL AT
wINDOrt, USING THF APPROPRIATE CONTOUR
DEFINED IN DATAlN. NOTE
BEEN DEFINED ALSO ON THE

FIKST, REINITIALIZE BASE

BVMNW=10.E20
BVMXW=-BVMNrt

AND PLOT CHARACTER-VALUE

EACH NODE CENTER FOR THIS
INTERVAL FOR THIS CUBE, AS

THAT A REFERENCE-BASE VALUE MAY HAVE
C1N CARD.

VARIANCE FOR

TABLE

THIS *INDO*

DO 99968 JJ=1,NPCH 
DO 9S967 11=2,4 
PLCHAR(II,JJ)=0. 

99967 CONTINUE 
CONTINUE 
fJ N M A X = 1

DETERMINE TYPE OF MAP

TYPEM="DRAwDU*N H 
GO TO <<946b 

99965 IF( .NOT. ( VAROPT) ) GO TO 99964

GO TO 
99964 IF( .l.'Of. CSUROPT) ) GU TO 99963

TYPEH="«. SURF." 
99963 CONTINUE

04683
04684
04685
04686 
04686 
04686 
04b87 
04668 
04689 
04689 
04689 
04b90
04691
04692
04693
04694
04695
04696
04697
04698
04699
04700
04702
04702
04704
04704
04705
04706
04707 
04706 
04V09
04710
04711
04712
04713
04714
04715
04716
04717 
0471B
04719
04720
04721
04722
04723
04724
04725
04726 
0472fe
04728
04729
04729
04729
04730
04730
04730
04731
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345

350

355

3bO

3fa5

370

375

380

385

390

395

C 
C 
C 
99966

C 
C 
C

99901
99962

C 
C 
C

99959 
999bO

C 
C 
C

C 
C 
C

LOOP ON THESE NODES

1NCB=IN 
INCK=INE

CHECK FOR CELL. SPANNING SEGMENT BOUNDARY : Y-DIRECT10N

1F( .(JOT. (WVMAX.GT.CUMtmiNE) ) ) GO TO 99962 
1F(.»JOT. (INE.NE.1IE) ) GO TO 99961

CONTINUE
JNCB=JN
JNCE=JN£

CHECK FUR CELL SPANNING SEGMENT BOUNDARY : X-UIRECTION

IFC.NOT.(wXMAX.GT.CUMUXCJNE))) GU TO 99960
1F( .NOT.(JNb.NE.JJE)) GO TO 99959
JNCE=JNCt-U
CONTINUE
DO 99«5h JJ=JNCB, JNCe
UO 99957 1I=INCB,INCE

CALCULATE HX LOCATION OF THIS NODE

GET VALUE OF VARIABLE, DKAWDDwN OH KATER SURFACE

IF(.NOT.(DDNOPT)) GO TO 99955
VALUE = HX(LFrtTN-»LCSTR)-HX(LF«TN
GO TO 99V5b 

99955 1F(.NOT.(VAROPT)) GO TO 99954
VALUE=hX(LKrfTN+OPTION)
GO TO 99956 

99954 1F(.NOT.(SUKOPTD) GO TO 99953
VALUE=wSUR(II,JJ)
CONTINUE99953

C
C
C
9995b

COMPARE VALUE TO BASE VALUE AND CALCULATE PLOT CHARACTER

HVMNrf=AMlHl(bVMNw, VALUE) 
bVHX« = A*1AXl(bVMX*,VALUEJ 
VMOU=( VALUfc.-RASEV( LOOP) + .00005 ) /CON 1 NT (LOOP)

VV=1VMOD*CONINT(LOOP)
yyM-yy-VML'UDP

VVP=VV+VMLDOP

STORE PLOT VALUE wlTH CHARACTER
PLCHARC 1 ,-)lS PLOT CHARACTER
PLCHAHC2,-) THPJ PLCHAH(4,-) ARE VALUES PLOTTED WITH PLOT CHAK,

NZEKO=0 
NVAL=0

04732
04733
04734
04735
04736
04737
04738
04739
04740
04741
04742
04744
04745
04746
04747
04748
04749
04750
04751
04752
04754
04755
04756
04757
04758
04759
04760
04761
04762
04763
04765
04765
04766
04766
04766
04767
04767
04767
04768
04769
04770
04771
04772
04773
04774
04775
04776
04777

04779
04780
04781
04782
04763
04784
04785
04786
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400

405

410

415

420

425

430

435

440

445

450

455

99952

C
C
C
99951

1020

C
C
C
99949

99948
C
C
C
99950
C
C
C
C
C

9994b

99945
99947

99943

99942
99944
C
C
C

NN = 4
IFCNN.LT.2) GO TO 99951
IF(PLCHAR(f«;J,IVC) . KQ.O. )NZERO = NN
1F(PLCHAH(NN,1VC).GE;.VV.M.AND.PLCHAR(MN,IVC).LE.VVP)NVAL=NN
NN=NN-1
GO TO 99952

MORE THAN 3 PLOT CYCLES

IF( .NOT. (NZERO.EO.On GO TO 99949
taKirE(PKKJLfc.,1020)PLCHAR(l,lVC) , LOOPA/LOOPB
FORMATC 1X,*PLOT CHARACTER *,A1,» USED FOR MORE THAN 3 CYCLES IN Wl

IN DOW ( I , J) *,2Ib)
GO TO 99950

STORE VALUE PLOTTED

IF(.NOT.(NVAL.EO.O)) GO TO 99948
PLCHAR(NZERO,IVC)=VV
NNMAX=MAXO(NNHAX,NZERO)
CONTINUE

PLACE THE PLOT CHARACTER IN XX

XX=PLCHAR(1,IVC)

PLOT AT NODE CENTER IF NODE IS COMPLETLY WITHIN THIS SEGMENT.
PLOT AT INTERIOR NODE BOUNOAKY (S) FOR NODES WHICH SPAN TV'0 OR MOR

SEGMENTS.

PX=CTRDX(JJ)
PY=CTRDY(II)
WX=PX+dOFFSI
WY = PY
XL=CUHDX( JJ)-DELX(JJ)
XR=CUMDX( JJ)
YD=CUMDY(in
YU=YD-DELY(II)
1F( .NOT.(XL.LT.*XMIN)) GO TO 99946
PX = XR
*X=AMAX1(*XMIN,PX-WOFFST)
GO TO 99947
1F( .NOT.UR.GT.UXMAX)} GO TO 99945
PX = XL
WX = AMIN1 («XMAX,PX-»-«OFFST)
CONTINUE
IF( .NOT. ( YU.LT.rtYMlN) ) GO TO 99943
PY = YU
GO Id 99944
1F( .NOT. 1 YD.GT.HYMAX) ) GO TO 99942
PY=YU
CONTINUE
iv Y = PY

PLOT SYMBOL FOR WELL, IF THIS IS (CELL NODE

IF( .NOT. (rtXCLFWfN+LCwEL) .NE.O.) ) GO TO 99941

04787
04788
04789
04790
04791
04792
04793
04794
04795
04796
04797
04798
04799
04800
04801
04802
04803
04805
04806
04807
04809
04610
04811
04812
04813
04814
04815
04816
04817
04818
04819
04820
04821
04822
04823
04824
04825
04826
04827
04828
04829
04830
04832
04833
04834
04836
04837
04b'38
Oi839
04841
04842
04844
04845
04846
04847
0484U
04849
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460

465

470

475

480

485

490

495

500

505

510

C
c
C
99941
94957
99958
C
C
r

CALL SYMbOL(*X,wY,H05,"rt'',ZERO,l) 

PLOT SYMhOL KQR HEAL) OK

CALL SYMbOLCPX,PY,H05,XX,ZERO,l)
CONTINUE
CONTINUE

LABEL THIS WINDOW MAP, AFTEK RE-DEFINING VIEWPORT

CALL VrtPURTC2. , 1 2 . , 9 . 25 , 1 0 . )
CALL WIhDOrf(WXMiN,WXMAX,0.,5.)

TOP - LABELS

CALL SYMHOL(WXMIN,5.,H05,HEAONG,0.,100) 
ENCODE (94, 10jO,PPMS(J)TYPL*,KP,KT, IT, KTRW

1030 FOkMAT( IbtiCUNTfjUK MAP UF ,AH,16H, HUMPING PERIOD , 1 4 , 1 OH , 1IMESTEP, 
H4,llrl, ITERATION, 14. IbH, NllMbbR OF WELLS=,I4) 
CALL SYM«UL(«XMlN,4.,HOb,PPMSG,ZEHO,93)
ENCODe:(yO,1021,TOPM£>G)LL)UP,KrHIS,XSh;G,JNCb,jNCE,lNCfa, INCE.TODAY 

1021 FOKMAT(4hCU6t:, I3,7H, LA Yk-K , 1 3 , 1 3n , MAP SEGMENT , 1 3 , bH , COLS, 13, 
13ri TO,I3,bH, RU*S,I3,3H TO, 13, 9rt. DATE - ,A10,1H.) 
CALL SYMbOL(«XMlN,3.,H05,TOPMSG,ZERO,85)

: NODE NUMBERS

99*40 
C 
C 
C

99939
99938

C 
C 
C 
99937

C 
C 
C

99936 
C

DO 99940 JJ=JNCB,JNCE
CALL NUMbCKCCTRDXCJJ)-wOFFST,2.,HOS,JJ,ZERO,I FORM)
CONTINUE

DISTANCE

XX=XFPI(LOOP)-AMODCrtXKlN.XFPKLOOP))+WXHIN
IXX=XX+.b
XX=IXX
11 = 1
GO TO 99938
IF(ll.GT.y.Ok.XX.GT.WXMAX) GO TO 99937
CALL SYMbUL(XX,0.,HOb,lHI,ZERO,l)
CALL NU*bn;k(XX-*OFKS2,l. , ri05 ,1 XX , ZERO , I 5FORM )
XX=XX+XFPI(LOOP)
IXX=XX
11=11*1
GO TO 99939

LEFT AXIS

CALL VWPORTCO.,1.9,y.1 /,.B3; 
CALL «INDOw(1.,19.,WYMIN,*YMAX)

NODES

DO 99936 II=INCB,1NCE
CALL NUMBEk(2.,CTKDY(II),HO5,II,ZERO,1FORM)
CONTINUE

04850
04852
04853
04854
04855
04856
04857
04658
04859
04860
04661
04862
04863
04864
04865
04866
04867
04668
04869
04870
04871
04872
04873
04874
04875
04876
04877
04878
04879 
04S80
04881
04882
04883
04884 
048B5 
04680
04887
04888
04886
04889
04890
04891
04892
04893
04894
04895
04896
04897 
v 16 5 o
04899
04900
04901
04902
04903
04904
04905
04906
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515

520

525

530

535

540

545

550

555

560

565

570

99935
99934

C 
C
C 
99933

DISTANCE

YY = YFPK LOOP )-AMGD(WYMIN, YFPH LOOP) )+WYMIN
IYY = YY>.5
YY=IYY
11 = 1
GO TO 99934
1FCII.GT.9.0K.YY.GT.WYMAX) GO TO 99933
CALL SYMHUL(1«.,YY,H05,1H-,ZEKO,1)
CALL Nl!MHEK(10. r YK , HOb , I Y Y , ZEK J , 1 5FORM )
YY=VY+YFPJ f r.ruiwi
IYY=YY
11=11+1
GO TO 99935

BOTTOM - PLOT CHARACTERS AND VALUES

CALL VWPURT(0.,12.,0.,.80) 
CALL «IHDU«(0.,120.,0.,6.) 
ENCODE(30,1023,BQIMSG)NPCH

1023 FORMAT(I3,19H CONTUUK SYMBOLS - )
CALL SYMHOL(1.,6.,H05,BOTMSG,Z;ERU,30)

; SYMBOLS

ENCODE(100,1024,BCH)(PLCHAR(1,I1),11=1,NPCH)
1024 FOPMAT(20(4X,Al))

CALL SYMHOLC10.,5.,ttOb,BCH,ZERO,NPCH*5)

: VALUES

99931 

102t>

99932 
C 
C 
C
1026 

C 
C 
C

WRlTtCPRFlLE,1026)TUPMSG
wRITh-CPKFILt, 102b)BUTMSG
WHITKCPKFILE,1026)BCH
DO 99932 KK=2,WNMAX
DO 9^931 11=1,NPCH
1BVC1I)=HLCHAK(KK,II)+BASEV(LOOP)
CONTINUE
E!JCUDE(100,102S,BV)(IBV(II),I1 = 1,
FUHMAT(20I5)
YY=4.-KK
CALL SYMBOLCIO.,YY,HO5,BV,ZERO,NPCH*5)
WRITK(PRFlLE,1026)bV
CONTINUE

WRITE TO OUTPUT 

FORMATOX, 10A10) 

NODE/DISTANCE LABELS

CALL VWPORTCO.,2.,9,00,10.) 
CALL wINUUW(l.,20.,0.,«.)

LEFT

CALL SYKBUL(3.,H.,HOS,4HNODE,270.,4)

04907
04908
04909
04910
04911
04912
04913
04913
04914
04915
04916
04917
04918
04919
04920
04921
04922
04923
04924
04925
04926
04927
04928
04929
04930
04931
04932
04933
04934
04935
04936
04937 
0493B
04939
04940
04941
04942
04943
04944
04945
04946
04947
04948
04949
04950
04951
04952
04953
04954 
OnSSS
04956
04957
04958
04959
04960
04961
04962
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575

580

585

590

595

600

CALL SYMBOIJ {2.,3.,H05,3H(Y),0.,3)
CALL SyMbUL(9.,8.,HOb,HHDlSTANC£,270.,8)

TOP-HORIZ

CALL SYMBOLC12.,3.,H05,8riDISTANCK,0.,8) 
CALL SYrthOL(l2.,4.,HOb,7HNDDE(X),0.,7)

hRAP UP 1HIS PLOT SEGMENT 

CALL PLCTCO.,0.,-3: 

PRINT AND RESET POINTERS 

HVMNT=AMIN1(BVHNT,BVMNW)

rtRlTE(PKFILE,1027)((PL,CHAR(II,JJ),II = l,4) , JJ=1,NPCH) 
1027 FOkMAT(/lX, *PLOf CHARACTERS AND VALUES*/

1(3(1X, Al, 1H( ,3Eli ,4,2H) ))) 
99977 CONflNUE 
999«'2 CONTINUE

1028 KORMATC !X,*tNU OF PLOT, WITH*, 14,* SEGMENTS*/)
GO TO 99993 

C
C ERROR - NO SUCH MAP OPTION DEFINED 
C
99992 WH I It ( PHF1 LE, 101OOPTION, OPTION
1010 FOhMATC IX, "EHKOR--MAP OPTION N3T DEFINED. OPTION (A10)=",A10, 

1TAL)=",020)
99993 CONTINUE 
99998 RETURN 

END

(OC

04963
04964
04965
04966
04967
04968
04969
04970
04971
04972
04973
04974
04975
04976
04977
04978
04979
04980
04981
04982
04983
04984
04985
04986
04987
04988
04989
04991
04992
04993
04995
04996
04997
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10

20

25

30

40

45

SUBROUTINE RIVERO

LOOP, R0«, COLUMN, LAYER POINTERS

COMMON /LOOHS /I ,J.K,IO,JO,KO,I1,J1,K1,12,J2,K2
COMMUN/HlVk/NK,NKN,NrOT,rJAUU(20),NKC(20),OS(20),RGl(20),KFLOw(200), 
lQMAX(200),K r-LUW(2UO) , R I VER ( 200 ) , TO ( 200 ) , VK ( 200) , 1 NDX ( 2 , 200 ) , UK

2D BOTTOM AND PERMEAB J LI If 

COM WON / bOI PR M/ BOTTOM r 1 . 1 ) , PERM ( 1 . 1 ) 

RECHARGE

LEVEL 2, ORE 
COMKON/RECri/QRE( 20, 20)

WATER SURFACE

LEVEL 2,*SUR 
COMMON/wSURF/KSURC 20, 20)

RIVERS

LEVEL 2,ORA 
COMHON/K1VR2/URA( 20, 20)

GRID SIZES

LEVEL 2,r)fcLX,DELY,DELZ,DELXl , DELY1 , DELZI , FACTX , F ACT* , FAC TZ 
CO"Mf)N/Ut;LxyZ/r'fc.LX()bO) , UtLnibO) t UELZ(150),DELXI(150),DELyi(l50), 
10ELZI(lbO),FACTX(lbl)),FACry(lbO),FACT^(150)

GLOBAL PARAMETERS

INTEGER SC"FL,TODAY,ERFLAG,FINLTS
LOGICAL THACE,USt;LCM,USEKMS,USc;tiIO,MFbOOO,MF7000

5b

COMMON/VOFFST/LCPH1,LC»EL,LCS1H,LCT,LCS,LCTR,LCTC,LCTK,LCEL, 
1LCFL,LCGL,LCV,LCX1, 
2LCHOT,LCPt,KM,
3LCTL,LCTLK,LCSL,LCZC8,LCRATE, 
4NVPH, ri N PH,tjN HC, NNHL,NNAL,N«/PH,NMPC,N»<PL,NWAL, TRACE, TODAY

CO MMUN/MFiiIZE/USELCM,USEHMS,USEblO,MF 6000, MF 7000, NWDLCM, 
1LCMPTRC 150)

1/0 FILES

INTEGER HDUMP,bAKIN,HAKOUT, PRKI LE , OBSF IL 
CO"..u.yN/J'JFILL./HDU-I> r "tTA, e " k ' " . 'MKMMT. JNFT 1.F . PKF J I.F. . ORSFI L

CYKEH-l7b LCM LEVEL-2 AKRAY DEfiNiTIONS

LEVEL 2,HXA,HXB,HXC 
COMMON/LCMA/HXAC8000) 
COMMON/ LC^h/

04996
04999
05000
05001
05002 
Ob003
05004
05005
05006
05007
05008
05009
05010
05011
05012
05013
05014
05015
05016
05017
05018
05019
05020
05021
05022
05023
05024
05025
05026
05027
05028
05029
05030
05031
05032
05033
05034
05035
05036
05037
05038
05039
05040
05041
05042
05043
05044
05045
05046
05047
05048
05049
05050
05051
05052 
Ob053 
05054
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60

70

75

80

85

90

95

100

105

110

99998 
999*9

99997 
C 
C 
C

C
C
C
99991
C
C
C

IF(TRACE)CALL f KENT ( " Rl VERQ" )

INITIALIZE OKA (RIVER RECHARGE RATE) AND TO (TOTAL RIVER FLOrf)

DO 91999 1=1,10
DO 9999b J=l,Jl>
ORAd, J)=0.
CONTINUE
CONTINUE
DO 99997 1=1, NR
T0(i}=0.
CONTINUE

DISTRIBUTE DISCHARGE FOR EACH RIVER REACH

K4=NRCC1)
DO 99996 KK=1,NR

FLOW IN THIS REACH IS SU« OF FLO* DEFINE FOR THIS REACH EACH P.P. 
PLUS ANY FLO* CONTRIBUTED tit UPSTREAM KIVErt REACHES

QS(KK.)=RU(KK)+TQ(KK)

LOOP WITHIN ALL REACH NODES

DO 99995 JJ=K3,K4 
I = IM)X(1 , JJ) 
J=1NDXC2, JJ)
IF(.NOT. (I.LE.NNPC.AND, J.LE.NNPK)) GO TO 99993 

EA = 1)ELX(J)*DELY(I)

CALCULATE FLUri TO (-) OR FROM ( + ) RIVER 
FHOM (+) OR TO (-) AUUIFER

RVTEMP=VK(JJ)*(R1VER(JJ)-WSURCI,J))*AREA

FLO* TO RIVER FROM Grt SYSTEM

IF( .NOT. (RVTEMp.LT.O.)) GO TO 99991 
QRAd, J)=rtVTEMP/AREA 
GS(KK)=OS(KK)-RVTEMP 
GO TO 99992

FLOW TO G* FROM RIVER 

ORA(I,J)=AH1MCRVTEMP,QMAX(JJ))

05055 
0505b
05057
05058
05059
05060
05061
05062
05063
05064

IFC.NOT. (OS(KK) .LT.QHAd, J))) GO TO 99989 
QRAd, J)=JSCKK)/AREA 
CIS(KK)=0. 
GO TO 99990

PORTION OF STRKAMFLOW TO G«

05066
05067
05066
05069
05070
05071
05072
05073
05074
05075
05076
05077
05078
05079
05080
05081
05082
05083
05084
05085
05086 
050S7 
05088 
05069
05090
05091
05092
05093
05094
05095
05096
05097
05098
05099
05100
05102
05103 
w5iO-i
05105
05106
05107
05108
05109
05110
05111
05112
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115

120

I? 1

130

135

140

145

999R9 OS(KK)=QSIKK)-ORA(I,J) 
URACI,J) 
CONTINUE99990

C
C
C
C
99992

C 
C 
C .
9999J

99994
99995 
C 
C 
C

C 
C 
C
99988

99996 
C 
C 
C

CALCULATE HFLOw HERE RATHER THAN REPEATING THE ABOVE 
CALCULATIONS IN CHECK

RFLO*(JJ)=OS(KK) 
GO TO 99994

ERROR-RIVER NODE OUTSIDE MODEL GRID LIMITS

CALL REMAkK( l< £RROK-RIVERO-RlVER NODE OUTSIDE MODEL")
KRFLftG=4
CONTINUE
CONTINUE

ADD REMAINING FLO* TO FLO*/ AVAILABLE TO NEXT DOrfNSTkEAM REACH

IF(.NUT.(GS(KK).GT.O.)) GO TO 99988
II = NAL>OCKK)
TQCI1)=TO(II)+QS(KK)

SET POINTERS FOR NEXT REACH

K3=K3+MKC(KK)
K4=K4+NRC(KK+1)
CONTINUE

TERMINATE IF RIVER NODE ERRORS (EKFLAG=4)

IF(ERFLAG.EQ.4)STOP "RIVER NODE ERROR"
RETURN
tND

05114
05115
05117
05118
05119
05120
05121
05122
05123 
05)24
05125
05126
05128
05129
05131
05131
05132
05133
05134
05135
05136
05137
05139
05140
05141
05142
05143
05144
05145
05146
05147
05148
05149
05150

CARD NR. SEVERITY DETAILS

62
63
67

DIAGNOSIS OF PROBLEM

CONTROL VARIABLE IN COMMON OR EUUIV ALENCED, OPTIMIZATION MAY BE If4HIBITED,
CONTROL VARIABLE IN COMMON OR EOUiVALtNCED, OPTIMIZATION MA* BE INHIBITED.
CONTROL VARIABLE IN COMMON OK EGUIVALENCED, OPTIMIZATION MAY BE INHIBITED,

627
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1 SUbKOUTINE KMOPEN(FIT,FITBUF,BFS,MKL,FNAME) 05151
C 05152
C OPEN *OKD ADDRESSABLE FILE 05153
C THIS KOU'ilNE IS DLPbNDbNT ON CDC COMPUTERS 05154

5 C 05155
C FIT = FILE INFORMATION TABLE OF RM FILE 05156
C F1THUF = BUi-FbH ARKA* FOK FILE 05157
C BFS = BUFFER SIZE IN WORDS 0515B
C M«L = MAXIMUM kbCDKD LENGTH IN WORDS 05159

10 C FNAKE = FILE NAKfc, AS "L H ALPHA CONSTANT 05160
C 05161

INTEGEH FIT(l),fITbUF(l),BFS,FNAME 05162
C 05163

CALL FILF.*A(FIT,3LLFN,FNAMt:,2LFO,2LwA,2LRT,lLU,3LMKL, 05164
15 1MKLMO, JLF*e,FI'lBUF , 3LbFS,Hf S, 3LFL I1 , FIT ( 21 ) ) 05165

CALL OPb'NM(FIT,3LI-0) 05166
KETUKN 05167
END 05168

CAHD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

14 I FIT ARKA1 HEFEkENCb OUTSIDE DIMENSION BOUNDS.
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1 SUhKOUTINE RMCLOSCFIT) 05169
C 05170
C CLOSE FILE 05171
C THIS ROUliNE IS DEPENDENT ON Cl)C COMPUTERS 05172

5 C 05173
C FIT = FILE INFORMATION TABLE OF KM FILE 05174
C 05175

INTEGER FIT 05176
C 05177

10 CALL CLUSEM(FIT) 05178
RETURN OS172
END 05180
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10

20

25

30

SUBROUTINE RMGKT(FIT,WA,RL,WSA)

RtAD/Gtr DATA FKOM WORD ADDRESSABLE FILE 
1HIS ROUTINE IS DEPENDENT ON CDC COMPUTERS

FIT = FILE INFORMATION TAbLb OF RM FILE
rtA = {-JKSr MJHU ADDRESS ON FILE OF BLOCK TO GET
KL = RECORD LENGTH, IN rfORDS
WSA = LCM WOKMNG STORAGE AKEA - AHRAY TO BE HEAD

MASS STORAGE FILE POINTERS

COMMON/MSfILE/MSFIT(35),RMSBOF(1000)
COMMON/MSriUFR/hIHSRM,LASrKK,NXFER,SCMBUF(2000)
INTEGER F1RSRM
INTEGER FIf(35),WA,RL
DIMENSION WSA(l)
LEVEL 2,WSA

MOVE DATA FROM RMS TO SCMBUF TO WSA
CYBEK Rt-COHi; MANAGER CANNOT MOVE DIRECTLY FROM DISK TO LCM

LASTRM=0

99999 IK(LASTKM.GE.KL) GO TO 99998
LrtSTHH = MINO(LASTRM-f2000 f RL)
NXFEK=LASlKM-FIKSRM+l
CALL GF.11 (KIT,SCHBUF,FIRSRK-H«A-1,0,0,NXFER*10)
CALL HOVLbV(iiCMBUF,rtSA(FiRSRH),NXFEfO
FIRSRM=LASTHM-H
GO TO 99999 

99998 RETURN
END

05182
05183
05184
05185
05186
05187
05188
05189
05190
05191
05192
05193
05194
05195
05196
05197
05198
05199
05200
05201
05202
05203
05204
05205
05206
05207
05208
05209
05210
05211
05212
05213
05214

630



APPENDIX VII I! SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

10

15

20

25

30

SUBROUTINE KMPUT(FIT,WA,RL,WSA)

WRITE/PUT DATA TO WORD ADDRESSABLE FILE 
THIS ROUTINE IS DEPENDENT UN CDC COMPUTERS

FIT = FILE iNHJKHAriON TAtiLE OF RM FILE
*A = FiKST wOkD ADDRESS OK rfKlTE ON KA FILE 
RL = RECORD LENGTH, IN WORDS
*SA = LCM tfOKMNG STORAGE AREA - ARRAY TO BE WRITTEN

MASS STORAGE FILE POINTERS

COMMON/MSEILE/MSFIT(35),RMSBUF(1000)
COMMON/rtSriUKK/KlkSRM,LASTRM,NXFER,SCMBUF(2000)
INTEGER URSRM
INTEGER Fll(35),Rb,*A
DIMENSION wSACl)
LEVEL 2,WSA

MOVE DATA FKOM *SA TO SCMBUF TO RMS
CYHrJR RECOKD MANAGER CANNOT MOVE DIRECTLY FROM LCM TO DISK

LASTRM=0
F1RSKM=1
IF(LASTKM.GE.HL) GO TO 99998
LASTR«=M1NO(LASTRM+2000,RL)

CALL *lOVLEV(«JSA(FiKSRM) , SCMBUF, NXFER) 
CALL PUT(Kir,SCMBUF,NXFER*10,FIRSHMf(«(A-l) 
FIRSRM=LASfHM*1 
GO TO 999V9 

99998 RETURN 
END

05215
05216
05217
05218
05219
05220
05221
05222
05223
05224
05225
05226
05227
05228
05229
05230
05231
05232
05233
05234
05235
05236
05237
05238

05240
05241
05242
05243
05244
05245
05246
05247
05248
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0
5
5
6
1

0
5
5
6
2

0
5
5
6
3
 

0
5
5
b
4

0
5
5
6
5

0
5
5
6
6

0
5
5
6
7

0
5
5
6
8

0
5
5
6
9

0
0
0
0
6
3
 
I
N
V
E
N
T
E
D
 
S
Y
M
B
O
L
S
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A
ABORT
ARGS.
CHKTBL
CK
DP
E
EB
EC
ENDCHK
ENTRY.
EKRriSGS
ERROR
ERR1
ERR3
GLTKIT.
GOT1T
HD
HI
HIT
HIT2
HY
IB
10
L
LO
LI
L2
L3
MASKIN
Ml-

KN
MSGCALL
MSGSTAT
HT
N
NO
NR
NS
NT
NULL
OTHERS
0V
PARAM1
PARAM2
PARAM3
Pt
PF
PK
(f

RA
PKOUK5T
HI
f-ON't 51

i> c. A rt c ri

£>c-Ar(CH2

62
102

1
15
14
21
30
35
41
53
2

7 7
62
66
73
0

10
4102
4000

23
33

4002
66
15

4060
4001

42
45
46
25
22
63
163
164

4000
4004

65
26
27

4100
26
27
40

165
160

167
4103

37
20
fc?

161
•)

-> 4

*

20
30

PROGRAM*

PROGRAM*

PROGRAM*
PROGRAM*
PROG:;;<>. ?
PROGRAM*
PROGRAM*
PROGRAM*
EXTERNAL*
PROGRAM*

PROGRAM*
PROGRAM*

PROGRAM*
PROGRAM*
PROGRAM*
PROGRAM*

PROGRAM*
PROGRAM*

PROGRAM*
PROGRAM*

PROGRAM*
PROGRAM*
PROGRAM*

PROGRAM*
P S "1 " "< A •-. t

6/26
5/18
3/12
3/35
6/41
6/37
6/32
6/31
6/27
3/37
3/12
0/13
5/04
1/15
4/05
2/43
3/21
6/16
6/07
3/42
4/02
6/09
6/22
0/40
6/15
6/08
4/26
4/30
4/33
3/52
0/3o
6/25
7/29
5/?8
6/18
6/11
6/23
6/34
6/33
6/19
3/39
3/45
6/2»
3/30
4/50
3/31
6/17
6/29
6/38
-/? )
4/S3
?/ 12

0

D
L
D
D
D
0
D

L

X

D
D

D
D
D
D
D
L

L
D
D
L
S
0
0
D
D
0
0

D
S
S
S
D
D
D
n
c

r

7/03
5/20 5/23 5/27 L

3/54
7/18
7/14
7/10
7/09
7/04
4/20 4/50 L
5/05
5/25 L
5/07 L
3/16 5/19 L
5/22 L
3/22
3/23 L
6/51
6/47
3/47 L
4/07 L
6/46
7/01
7/17
6/57
6/48
4/36
4/32 4/34 L
4/37 L
4/19 4/43 4/48
7/13
7/02

7/29 7/30 L
6/45
6/53
7/19
7/12
7/11
6/49
3/53 L
3/56 L
7/05
4/55 5/01 7/32 L
7/33 L
4/40 S 7/34 L
6/50

7/15

1/55 7/27 L
</l '2 U

PROGRAM* 
PROGRAM*

6/14 D
J/40 L
3/57 L

j/li 
0/56 
3/44 
4/04

3/12 L 3/12
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SKIPJOB
SV
SYS =
TABUK
TAHLE2
TfcKPAO.
TRACE.
U
US
XKST
XMSG
v « c r. i ,
XVSN
Y
Z
ZfROS
Z.

0
16
0

112
15'j

1
0

4004
36
51
34
3f
41

4010
4004
162
25

KXTEIRNAL,*

KXTERNAL*
PKOGRAK*
PKOGkAM*
PKOGRAM*
PROGRAM*

PROGRAM* 
PROGRAM*

PROGRAM*

PROGRAM*

2/44
t>/3V
4/S5
3/35
3/bt>
3/12
3/11
6/10
6/30
4/45
4/10
a/ 1 ft
4/25
t>/13
6/12
4/25
6/35

X
0

L
L
0
D
L
L
i_.
L
D
0

D

5/29
7/16

6/43
7/22
3/12

6/11
7/08
7/24
7/22
4/23
7/23
6/55
6/54
7/28
6/54

L
L
S

L

6/52
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SUBROUTINE SAVH*D(HX,KK) 

SAVE HYDKOGKAPH DATA

GLOBAL PARAMETERS

INTEGER SC^FL, TODAY, LRFLAG, FINLTS
LOGICAL THACE,USKLCM,USe.RMS,USEB10 f MF6000,MF7000
COMMON /GLrtPRM/CLSURE,ERFLAG,FJNLrS,LCMFL,SCMFL, VF.RBIG
COMMON/VOKFST/LCPrii,LCwEL,LCSrR,LCT,LCS,LCTH,LCTC,LCTK,LCt.L,
lLCKL,LCl>i,,LCV,LCXl ,
2LCBOT, LCPt-RS,
JLCTL,LCTLK,LCSL,LCZCB,LCRATE,
4NVPN,rJNPK,NHPC,NNPL,NNAL,NWh>R,NrtPC,NrtPL,NWAL, TRACE, TODAY 

COKMON/MFSm:/USELCM,USERMS.USEBIO,MF6000,MF7000,Nt«fULCM,
1LCMPTRC 150)

ITERATION AND TIME PARAMETERS

LOGICAL LlTSIP,LIfPIS,MBALPR,CNVKG
COMMON / IIP A KM/KP.KT, IT,NPER,NUMT,MODPR,MBALPR,ITMAX,ITMX1 , NRHOP, 
iKHOP(20),«MAX,CNVKG,irTS(200),DAMP,LirSIP,LITPIS

HYDROGKAPHS

LEVEL 2,lHYD,JHYD,KHYD,THYD,COMHyD f SCAHYD,HYD,HINIT,riNIT 
ol /NHGKAF , i<TS
o2/IhyD(10),JHYD(10),KHYD(10),THYD(100) ,CONHYD(10) , 

lSCAMYD(10),riYO(10,100},HIMT(10),IINIT

OHSEHVF.D HYDROGRAPH DATA

LEVEL 2,IHYDnB,NPTOB, JH YDOB , KH YDOB , THYDOB , HYDOB 
COMMON /HYGOBl/NriGOB
COf.MON/nyGO!i2/lHYUOb(10),JriYDOB(10) ,KHYDOB(10) , TH YDOB ( 1 0 , 1 00) , 
1HVDJUC I 0, 100) , NPTUfaC 10) 
LEVEL 2,riX 
DIMENSION HX(1) 
IFCTRACEJCALL PRENT ( " SA VH YD" )

ARE ANY HYDKOGRAPH NOUES ON THIS LAYER

1F(.NOT.(NHGKAF.GT.O) ) GO TO 99999
DO 9*998 LOOP=1 .NHGRAF
1F( .NOT. (KhYD(LOOP) .EJ.KK) ) GO TO 99997

YES - CALCULATE I,J COORDINATE FOR HX

IFC.NOT.(NTS.GT.O)) GO TO 99995

STORE HEAD IN LOCATION FOR THIS GRAPH AND TIMESTEP 
STORE DRAWDOWN IF I (R0«) INDEX IS NEGATIVE

1F(.NOT.UNYD(LOOP).GT.O)) GO TO 99993

05570
05571
05572
05573
05574
05575
05576
05577
05578
05579
05580 
CS561 
05562 
05583 
055B4 
05565 
05586
05567
05568
05589
05590
05591
05592
05593
05594
05595
05596
05597
05598
05599
05600
05601
05602
05603
05604
05605
05606
05607
05608
05609
05610
05611
05612
05613
05614
05615
05616
05617
05618 
nsf, jg
05620
05621
05622
05623
05624
05625
05626
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HYU (LOOP, NTS )=riX(LKWT!ULCPHI) 05627
GO TO 99994 05628

60 99993 H5fl)( LOOP, nTS) =HX( LF'rtTN+ LCSTR ) -HX (LFWTN+LCPHI) 05630
99994 GO TO 99996 05632
C 05633
C SET INITIAL HEAD ON FIRST TIMESTEP 05634
C 0563b

6b 99995 lt~( .NOT. ( JL H * 0 (LOOP) .GT.O) ) GO TO 99991 05637

GO TO 99992 05639

99y92 CONTINUE 05643
70 9999t> CONTINUE 05644

9999? CONTINUE 05645
9999H CONTINUE 05645
99999 RETURN 05647

END 05648

642
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SUBROUTINE SKIPJOB 05649
C 05650
C ABORT RUN 05651
C 05652

CAUL Kt.'MARKC'ABORT RUN - SKIPJOb") 05653
STOP "SKIPJOB" 05654
END 05655

643
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10

15

20

25

30

40

45

SUBROUTINE TCOFHC(HX,KK)

CALCULATE T COKFF 1 ClfcN TS IN ROW + COLUMN DIRECTIONS FOR HX

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,fc.kF LAG, FI NUTS
LOGICAL '] KACf- , USl- LCM, USERMS, USEBlO, MF6000, MK7000
COMMON /GLriHK«/CLSUKE, thr'LAG, (•' 1 .'. LT.S, LCMFL, SC1FL, V'EHBIG
COMMON /vuKFST/LCPfiI f LCntL,LCST;<,LCT,LCS.LCTK,LCTC,I'CTK,bCt:L,
iLCFL,LCGL, LCV,LCXI,
2LCHOT, LCPERM,
3LCTL,LCn,t\,l.C.SI,,LCZCB,L,CRATE,
4NVFN,HMHK,NNi'C,NNPL,NMAL,N^PK,NWPC f Ni<PL,NWAL r TRACE, TODAY

LOOP, ROW, COLUMN, LAYER POINTERS 

COMMON/LOOPS/ I, J,K, IO,JO,KO,I1,J1,K1,I2,J2,K2 

ITERATION AND TIME PARAMETERS 

LOGICAL LirsiP,LlTPli>,M8ALPR,CNVRG
, ITMAX,ITMX1,NRHOP, 

1RHOP(20),*MAX,CNVRG,1ITS(200),DAMP,LITSIP,LITPIS

OPTION DEFINITIONS

LOGICAL wTAbLE,RCHRG,TkLL'AK,EON3,h;ON4 
COMKON/UPTUtF/WTABLE,TRL,EAN,RCriRG, EQN3,EQN4

RESTART POINTERS

LOGICAL SLLRES,RESTKr,RSRTPP,RSRTTS,RSRTIT 
INTEGER OUTVSN
COMK(JN/RSrpTR/SELRES,RESrRT, KSRTPP , RSRTTS , RSRT1T , INVSNC2), 
10UTVSNC2)

GRID SIZES

LEVEL 2,UELX,1>KLY ,UELZ, DELXI ,DELYI , I/EL7.I , F ACTX , FACTY , F AC TZ 
COMMON /L»EbXYZ/DKLX( 150),UELY{lbO),DELZ(150),Db:LXI(150),DELYI(150), 

lDLLZl(150),FACTX(150),KACTlf(150),KACl1 Z(150)

I/O FILES

INTEGER Hl)UMP,HAKIN,BAKOUT,PRFILE,OBSFIL

55

LEVEL 2,HX 
DIMENSION HXC1) 
LOGICAL hJRST 
INTEGER ROw,COL,THIS

IF(TRACb)CALL PRKNT("TCOFRC")

05656
05057
05658
05059
05660
05661
05662
05663
05664
05665
05666
05667
05668
05669
05670
05671
05672
05673
05674
05675
05676
05677 
C5678
05679
05680
05681
05682
05683
05684 
056B5 
05606
05687
05688
05689
05690
05691
05692 
05603 
05t>94
05695
05696
05697
05698 
05(>99
05700
05701
05702
05703
05704
.:?o~
05706
05707
05708
05709
05710
05711
05712

644
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60

70

80

90

95

100

105

110

FIKST=(RKSTRT).OR.(KP.LE.O.AND.KT.LE.O.ANU.IT.LE.O)

LOOP OH LAYER KK - IGNORE LAST COLUMN, ROW - SKIP WHEN T=0

LFWTN=1-NVPN 
FFR=FACTX(KK) 
FFC=FACTY(KK) 
NENU=(NMPC-1 ) *NNPR 
DO 99999 LOOP=1,NEND

c 
c
c
99996

COL=MUD(LOOP,NNPR)
IF( .NOT.(COL.NE.O)) bU TO 99998

"THIS" IS SUBSCRIPT FOR T, THIS NODE
NXTCOL IS SUBSCRIPT FOR T, HEX! COLUMN
NXTROW IS SUbSCKIPT FUR T, NEXT ROW

THIS-LF*TN>LCT
IF(.NOT. (HX(THIS).rtE.O.)) GO TO 99997
NXTCOL=THIS+NVPN

DO NOT ALTER IF TR WAS PRESET BY USER AT DATAIN

IF( .HOT. (HX( k)XTCOL) .NE.O. ) ) GU TO 99996
IFl .NOT. ( .MOT. FIRST. OR. HX ( LF*TN + LCTR ) .EQ.O.) ) GO TO 99995

ALONG THE ROW (X DIRECTION AND J SUBSCRIPT)

HX(nXICOLm>ELX(CUL) ) *FFR 
CONTINUE

ALONG THE COLUMN (Y DIRECTION AND I SUBSCRIPT)

1F(.NDT.(HX(NXTKO«O .NE.O.)) GO TO 99994
1F(. NOT. (.NOT. FIRST. OR. HX ( LF*'TN + LCTC ) .EO.O.)) GO TO 99993

UO NOT ALTER IF TC WAS PRESET BY USER AT DATAIN

ROW=LFwTN/NWPR+l
2.*HX(NXTROW)*HX(THIS))/(HX(THIS)*DELY(R3V 

)*FfC
99993 CONTINUE
99994 CONTINUE
99997 CONTINUE
99998 If{.NOT.(TRACE)) GO TO 99992

WK1XKCPRFILE,1001)"LOOP",LOOP,"LFWTN",LFWTN,"LCT",LCT, 
I "THIS" , THI.S,"N'XTCOL",NXTCOL,"HXlHUW n ,HXTROW,"LCTR",LCTR, 
2"LCTC" , LClC, "Kl)w" , ROW, "CJL" , COL 

1001 FUrtMATCIX,"TRACE ",5(A9,17,1X))
'TR=",HX(LF>

1002 FORMAT(IX,"TRACE ",5(A4,El 2.5)) 
99992 CONTINUE 
99999 CONTINUE 

RETURN

05713
05714
05715 
0571b
05717
05718
05719
05720
05721
05722
05723
05724
05725
05726
05727
05728
05729
05730
05731
05732
05733
05734
05735
05736
05737
05738
05739
05740
05741
05742
05744
05745
05746
05747
05748
05749
05750
05751
05752
05753
05754
05755
05756
05758
05759
05760
05761
05762
05763 
u j i o 4
05765
05766
05767
05768
05770
05770
05771

645
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45
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SUBROUTINE TCOFZ ( HXL , HXU , KK )

CALCULATE TK FOR LAYER HXL (LOrtER) USING HXU (UPPER) LAYER

GLOBAL PARAMETERS

INTEGt.R SCKFL,TODAY ,ER FLAG, FIN LTS
LOGICAL TRACE,USt.l.CM,UStKMS,USKbIU,MK6000,MF7000
CUK,-UJN/GI J BPPM/CLSUF<t:,t.Rt'LAc;,KiNLTS,LCMFL,SCMFL,VERBIG
CUHMON/VOfr f SI/LCHHI,LC*EL,LCSTR,LCT,LCS,LCTR,LCTC,LCTK,LCEL,
1LCFL,LCGL,LCV,I,CX1,
2LCbOT,LCPERM,
3LCJL,LCTLK,LCSl,,LC2,Cb,LCRATE,
4NVPN,NNHR,NNPC,NNPL,NfJAL,N,VPR,NWPC,NWPL,N*AL,TRACE,TODAY 

COMMON/MtSlZt;/UShLCM,USt:KMS,USErilO,MF6000,MF7000,NWL>LCM,
1LCMPTRC150)

LOOP, ROw, COLUMN, LAYER POINTERS 

COMMON/LOOPS/I, J,K,IO, JO,KO,Ii ,J1,K1,J2,J2,K2 

ITERATION AND TIME PARAMETERS

LOGICAL L1TS1P,L1TPIS,MBALPR,CNVRG
CQMMON/lTPARM/KP,Kr,IT,NPER,NUMT,MODPR,MBALPR,ITMAX,ITMXl,NRHOP, 
1RHOPC20) ,*MAX,CNVkG,ITTS(200),DAMP,L,lTSIP,LITPIS

OPTION DEFINITIONS

LOGICAL *TAbLE,KCHRG,TRLEAK,EaN3,EQN4 
COMMON /OP rUcF/Wl ABLE, IK LEAK , RCHRG, EON 3 , EQN4

RESTART POINTERS

LOGICAL SELRES,RKSTRT,RSRTPP,RSRTTS,RSRTIT 
INTEGER OUTVSN
COMMON /RS fPTR/SELRES,RESTRT,RSRTPP,RSRTTS,RSRT IT , IN VSN(2) , 
10UTVSN(2)

GRID SIZES

LEVEL 2,DELX,DELY,DELZ,DELXI,DELYI , DELZI , FACTX , FACTY , FACTZ 
COMMON /DELXYZ/uELX( ISO) , DELX ( 1 bO ) , DELZ ( 1 50 ) ,DELXI(150) , DELYIC150) , 
1UELZK lt>0),FAC-lX(150),FACrY(lbO),FACTZ(150)

I/O FILES

INTEGER HUUMP,BAK1N,BAKOUT,PRKILE,OBSFIL

05773
05774
05775 
0577fa
05777
05778
05779
05780
05781
05782
05783
05784
05785
05786
05787
05788
05789
05790
05791
05792
05793
05794
05795
05796
05797
05798
05799 
0580U 
05801 
05602 
058C3 
05804 
05H05
05806
05807
05808
05809
05810 
05611 
05812 
05H13
05814
05815
05816
05817 
05U18 
05B19
05820
05821

COMMON /Rl VR/NR,Nklv,NTOT,UADD(20) ,NRC(2U),QS(20),R«(20) ,KFLO<V(200) , 
10MAX(200) f KFLOrf(20U),KlVER(200),TU(200),VK(200),IM)X(2,200),OR

2D BOTTOM AND PERMEABILITY 

COMMON /tlOTPRM/BOTTOMCl, 1) ,PERM(1, 1 )

05823
05824
05825
05826
05827
05828
05829
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60

65

70

75

80

85

90

95

100

105

110

RECHARGE

LEVEL 2, ORE 
CUM«ON/RECH/QKfc.( 20, 20)

WATER SURFACE

LEVEL 2,WSUR 
COMriON/rfSUKF/WSURC- 20, 20)

RIVERS

LEVEL 2,ORA
CDMMON/kl VH2/ORAC 20, 20)

LEVEL ?,HXL,HXU 
DlMtNSIUN HXL(1),HXU(1) 
LOGICAL FIRST 
INTEGER ROX, COL, THIS

IFCTRACK3CALL PRENT C " TCOFZ" ) 
FlRST=(Kt:STHT).OR.(KP.LE.O.AND.KT.LE.O.AND.IT.LE.O)

RETURN IMMEDIATELY IF LO*ER LAYER IS BELOrf BOTTOM OF MODEL

IF( .NOT.(KK.Gt.l)) GO TO 99999

RETURN IMMEDIATELY IF UPPER LAYEK IS ABOVE TOP OF MODEL

IFC.rJOT.(KK.LT.KO)) GO TO 99998

RETUKN IMMEDIATELY IF LEAKAGE RUN SINCE FACT Z IS ZERO

1F( .NOT.( .NOT.TKLEAK)) GO TO 99997

LOOP FOR LAYER - IGNORE FIRST, LAST ROW + COLUMN

FFO=FACTZ(KK)
FF1=FACTZ(KK-U)
NEHD=(NNPC-2)*NNPR
DDO=DELZ(KK)
OD1=DELZ(KK+1)
DO 9V99b LDOP=1,NEND

1FC .NOT. (COL. GT. 1) ) GO fj 99995 

IGNORE IK OUTSIDE AQUIFER ( T=0 )

1 Hi S = Lr^TN-f LCT
IF( .NOT. (HXU(THIS) .NE.O. ) ) GO TO 99994
IF( .NOT. ( .NUT. FIRST. OK. riXL ( LF« TN+LCTK ) .EO.O.) ) GO TO 99993

DO NOT ALTER IF TK *AS PRESET BY USER AT DATAIN 

T1=HXL(THIS)*FFO

05830
05631
05832
05833
05834
05835
05836
05637
05838
05839
05840 
0584!
05842
05843
05844
05845
05846
05847
05848 
Ob849
05850
05851
05852
05853
05854
05855
05856
05857
05858
05859
05860
05861
05662
05863
05864
05865
05866
05867
05868
05869
05870
05871
05872
05871
05874
05875
05876
05877
05878
05879 
n ^.uon

05881
05882
05883
05884
05885
05886
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115

120

125

130

135

140

T2=HXU(ThIS)*FFl
HXL(LFWTNtLCTK) = (2.0*T2*Tl)/(Tl*Dt>HT2tDDO)

99993 CONTINUE
C
C INITIALIZE THE rfATER SURFACE ARRAY
C THIS MUST bE OONE PRIOR TO THE FIRST CALL TO RIVERQ
C
99994 IFf.NOT.(FIRST)) GO TO 99992

1F( .NOT. (.NR.GT.U) ) GO TO 99991
IF(.NOT.(rUL(THlS).HE.O)) GO T3 99990

05BB7 
OSHBB 
05890

IF(.NOT.(KK.KU.hU)) uu iU 999btt
rfSUK(ROw,COL)=riXL(LFwrN+LCPHI)
GO TO 99989 

99988 1F(.NOT.(HXU(THIS).EO.O.)) GO TO 99967
wSUR(RO«,COL)=f(XL(LFwXN't-LCPHI) 

99937 CONTINUE
99989 CONTINUE
99990 CONTINUE
99991 CONTINUE
99992 CONTINUE
99995 CONTINUE
99996 CONTINUE
99997 CONTINUE
99998 CONTINUE
99999 RETURN 

END

05B92
05893
05894 
0589b 
05896 
05H97 
05898 
v/3d9i
05900
05901
05903
05904
05906
05907
05908
05909
05910
05911
05911
05913
05914
05915
05916
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SUBROUTINE TRANS(HXU,HXM,HXL)

COMPUTE IRANSM1SS1VITY KUK UNCONFINED UNITS
HXU IS UPPER, HXM IS MIDDLE AND riXL IS LOWER LAYER

GLOBAL PARAMETERS

R SCMFL,TOOAY,t:RFLAG,FINLTS 
LOGICAL lHACK,USLLCM,USc.R«S,USEB10,MF6000,MF7000

COM MUM/ VUt-TST/LCPHl , LCrttL, LCSTK, LCT, LCS,LCTR, LCfC, 
!LCFL,LCGL,bCV,LCXl, 
2LCBOT, LCPEHM,

4NVPN, KMt-K, NNPC, N«PL, NNAL, N w Phi, N«PC,Nft'PL, NWAL, TRACE, TODAY 
CUHMUN/MFSlZE/USELCH,USt.RMS,USEbIO,MF6000,HK7000,NW()LCM, 
1LCMPTRC150)

LOOP, ROw, COLUMN, LAYER POINTERS

COMMON /LOOPS/ I, J,K,IO, JO,KO,I1 ,J1,K1,I2,J2,K2

ITERATION AND TIME PARAMETERS

LOGICAL LiTSIP,LIlPlS,MBALPR,CNVRG
COKMOU/ITPAkM/Kt) ,KT,IT,NPER,NUM'r / MODHR r MBALPR,ITMAX,ITMXi,NRHOP, 
lRHUP(20),«MAX,C,\VRG,lTTSC200),i)AHP,LlTSiP,LlTPIS

OPTION DEFINITIONS

LOGICAL *iABLE,kCHRG,TRLEAK,EQN3,EQN4 
COMMON/UfrDtF/WfAbLE,TKLEAK,RCriRG,EQN3,EQN4

RESTART POINTERS

LOGICAL SELRKS,RF.STRT,RSRTPP,kSRTTS,RSRTIT 
INTEGER OUT^SN
C3MMON/hSIPTR/SELRES,RESTRT,RSRTPP,RSKTTS,RSRTlT,lNVSN(2), 
10UTVSNC2)

GRID SIZES

LEVEL ?,I)ELX,DELY,OELZ,DELX1 , DEL Y 1 , DELZI , FACTX , FACTY , FACTZ
XYZ/LJiLXC 150),oeLK(150),UEL'illJ)0),DELXItiJ)0),DELYI(150) 
,KAClX(lbO) ,FACTY(150),FACIZ(lbO)

I/O FILES

COM MON/IUFILF/H DUMP, META,BAMN, BAN OUT, INFILE,PRFILE,OBSFIL
COMMUN/RlWR/NR,NfN,NTOI,\ADD(20),NRC(20),OS(20),Hii(20),KFLOW(200), 
10MftX(200),RFLOw(200),KlVER(200),TO(200),VK(200),INDX(2,200),QR

2D BOTTOM AND PERMEABILITY 

CDMMOM/bOTPRM/BOTTOMCl ,l),Pfc.RM(l,l)

Ob917 
Ob9l8 
Ob9l9 
Ob920 
Ob921 
Ob922 
Ob923
05924
05925 
0592b 
05927 
w 3 ?28
05929
05930
05931 
Ob932
05933
05934
05935
05936
05937
05938
05939
05940
05941
05942
05943
05944
05945 
0594b
05947
05948
05949
05950
05951
05952
05953
05954
05955 
Ob95fc
05957
05958
05959
05960
05961
05962
05963
05964
05965
05966
05967
05968
05969
05970
05971
05972
05973
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70

75

60

90

100

105

110

RECHARGE

LEVEL 2, ORE 
COMHON/RECH/ORKC 20, 20)

WATER SURFACE

LEVEL 2,*SUR 
CJMMON/wSURF/WSUR( 20, 20)

RIVERS

LEVEL 2,ORA
COMMUN/K1VK2/Q«A{ 20, 20) 
INTEGER KUW,COL 
LEVEL 2,HXU,HXL,HXM 
DIMENSION MXU( 1 ) ,HXL( 1) , HXM(l) 
IKCIRACOCALL PRtNT ( " TK ANS" ) 
IF(. NOT. ("TABLE)) GU TO 99999

LOOP ONLY ON MIDDLE LAYER

NENU=NUPK*(NNPC-2) 
DO 9999d LUOP=1,NEND

COL = MOlJ(LOUP, NNPR)
IF( .NQT.CCUL.GT. 1 ) ) GO TO 99997

SKIP NODES wITH ZERO PERMEABILITY

1F( ,NOT.(hXM(LFKTN+LCPERM) .NE.O. )) GO TO 99996

FIND TOP OF THIS NODE AND SKIP IF NODE ABOVE IS ACTIVE

IF( .NOT.(K.EU.KO.OR.(K.LT.KO.AND.HXU{LF"TN+LCT).EQ.O.))) GO TO 999 
195

AT THIS POINT, *t ARE IN TOPMOST ACTIVE NODE

CALCULATE NEW TH ANSMISS1 VITY IF NUDE GOES TO WATER TABLE

IF( .MOT.(riX*(bh wTN-t-LCPHI) .LE.TOP)) GO TO 99994

; SET TK TO IB WHEN NODE FIRSi' UUES TU WT

CALL MOVLEV(nXM(LFwTN+LC IK), 118,1) 
IF( .NOT.Cl 1B.NK. 1) ) GO TO 99993 
CALL MOVLi.V(J,HXM(LI-<»rN + LCrK),l) 
WRITF(PH- ILK;, 1001 )HOtf,CUL,K,KP,KT, IT

1001 FORMAT ( IX , H ,'40UK GOES KHO^ CONFINED TO WATER TABLE" , T45 , " RU«< = > " , I 5 ,
= >", Ib, " PP = > tI ,lb," TS = >",Ib," IT = >",Ib)

05974
05975
05976
05977
05978
05979
05980
05931
05982
05983
05984
05935
05986
05937
05938
05989
05990
05991
05992
05993
05994
05995
05996
05997
05998
05999
06000
06001
06002
06003
06004
06005 
ObOOb
06007
06008
06009
06010
06011
06011
06012
06013
06014
06015
06016
06017
06018
06019
06020
06021 
v t>C 12
06023
06024
06025
06026
06027 
0602B 
06029
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115

120

125

130

13b

140

145

IbO

155

99993 IF( . NOT. (HXM( LFWTN-iLCF) . LE.O. ) ) GO TO 99992
lF(.NOT.(HXM(LF«TN+bCwhL).GE.O.)) GO TO 99990
MSG="NODE"
GO TO 99991

C 
C
C
99990

99991 
1UOO

TERMINATE JOH WHEN WELL GOES DRY

ERFLAG=3
KRirE(FkFil.E,1000)MSG,ROW,COL,K,KP,Kr,IT
FOKMATC1X,A4," GOES ORY",T45,"KOX = >",I 5," COL=> H ,lb," LAVER=>",1b,

TF(.NOT.(TRACt)) GO TO 99989

1004 
C 
C 
C 
99989

C 
C 
C

C 
C 
C

99992 
99994 
9999b 
V9996
99997
99998
99999

1003

FOKMA1 (IX, TRACE PHI, T OF DEwATEKEU NODE = K ,2E12.5) 

REMOVE NODE FROM AQUIFER OY SETTING T,PERM TO ZERO

HX«!(LFWTNfLCPEKM)=0.0 
HX.MCLFwTNtLCT )=0.0 

)=0.0

HXKCLr wTN-f LCTC )=0.0 
HXM(LFwTNtL,CTC-NWPK)=0.0

SET VERTICAL 1 OF NUDE BELOrf ID ZERO

iF(K.GT.UHXL(LF«TN*LCTK)=0.

SET PHI TO INFINITE FOR * IN MAP

CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
IF( .NOT. (TRACE) ) GO TO 99988
*R1TF(PKFII,E, 1003) LCT,LCTR, LCTC, bCTK
FOR HAT( IX, "TRACE LCf,LCTK,LCrC,L.CTK =
RETURN
END

06031
06032
06032
06032
06033
06034
06035
06037
06036
06040
06041 
OOC42
06043
06044 
Ob04b
06047
06048
06049
06050
06051
06052
06053
06054
06055
06056
06057
06058
06059
06060 
Ob06l

06063 
06065 
0606b 
Ob067
06068
06069
06069
06071
06072
06073
06075
06076
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15

20

25

30

35

40

45

50

55

BLOCK DATA

*CALL Abb COMMON BbOCK COMDECKS

DUMMY COMMON BLOCKS IN LEVEL 1 (SCM) AND LEVEL 2 (LC«).
THESE BLOCKS MUST APPC.AH IMMEDIATELY AFTER /LCMC/ IN MAIN PROGRAM,
AND MUST PKtCEDE ALL OTHER SCM AMD LCM COMMON BLOCKS.

LEVEL 2,F'RSTDM2 
COMMON/ KRSTL1C/FRSTDM1

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,tKKbAG,F'INbTS
L'JGICMb TKACK.llSL.LCM r U.SFJW«<S,l)SEriiO,MFbOOO,Mh-7000 
COMMON /GL,Bprtn/CbSUKK,Et<FLAG,r- 1 NLTS,LCMFL,SCMFL,VER BIG 
COMM()N/tfUKKST/LCPMl,bCrtt.L,bCSlht,LCT,bCS,bCTR p LCTC,LCTK,LCE:L, 

lbCFL,LCGL,LCtf ,LCX1,

3LCTL,,LCTLK,LCSL,LCZChi,LCRATE,

IbCMPTR(lbO)

LOOP, ROw, CObUMN, LAYER POINTERS 

COMMON /L.OOPS/ I ,J,K,IO,JO,KO,I1,J1,K1,I2,J2,K2 

TIME RELATED SCALAKS

COMMnN/TSCAL/CDLT,l>ELT,DELTHl ,DAYS,DAYSP,HRS,SMlN,SUM,SUMP,TMAX, 
1YRS,YRSP

ITERATION AND TIME PARAMETERS

LOGICAL LITSIP,LITP1S,MBALPR,CNVRG
COMSOM/nPAK^/KP,KT,Il,NPER,UUMT,MODPR f MBALPR,ITMAX,ITMXl,NRHOP, 
1RHOP(20),«MAX,CNVHG,ITTS(200),DAMP,LITS1P,LITHIS

OPTION DEFINITIONS

LOGICAL *TAHLfe.,RCHkG,TKLEAK,EON3,EON4 
COMMON /OprUtK/wTAoLE,rRLt:AK,RCHFiG, EO N3,EON4

HEADINGS

INTEGER HEADNG.VNAME

I/O POINTERS

LOGICAL LOGKUA,LOGKDB
INTEGER LFM( ?) , LOC.12) ,LFH(2),L3P(2),NBL(2),NXT(2)

lLOPA f LOPB,NdLPA,NBLPB,NXTA,NXTri

06077
06078
06079
06080
06081
06082
06083
06084
06085
06086
06087 
06GSS
06089
06090
06091
06092
06093
06094
06095
06096
06097
06098
06099
06100
06101
06102
06103
06104
06105
06106
06107
06108
06109
06110
06111
06112
06113
06114
06115
06116
06117
06118
06119
06120
06121
06122
06123
06124
06125 
C L1 26 
06127 
0612B
06129
06130
06131
06132
06133
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60

70

7b

BO

8b

90

9b

100

105

110

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c

KUUlVALt:fJCfc:(LFN,LFNA) , ( LOG , L3GHD A ) , ( LFB , LFBOF A ) , (LOP, LOP A)
bOUIVALKNCt;(faiL,NBLPA) , (NXT,NXrA)

I/O KILES

INTEGER HiH)*ih> ,HAKIN,IUKOl)r,PRFILfc:,OBSFIL
COMMOH/10rlLE/HUUMP,MErA,KAlUN,BAKQUr,IiJFILE,PRFILE,DBSFIL

RECORD MANAGEK FILE POINTERS

INTEGER Tk-'-- lT,TRBUF
COMMON ./TUFT I..K/THK tTf mi . runner i ooo)

MASS STORAGE F1LF. POINTERS

COMMON /MS FJLE/MSF IT (3b),RMSbUF( 1000)
CUMMON/MSal^R/K IPSRM,LASTRM,NXFKR,SCMBUF(2000)
INTEGER K1RSRM

RESTART POINTERS

LOGICAL St,LHKS,KESTRT,RSKTPP,RSRTTS,RSRTIT
INTEGER OUTVSN
COMHnu/RSTPTR/SELRES,KESTRT,RSRTPP,RSRTTS,HSRTII f INVSN(2),
10UTVSNC2)

LISTING/DUMP POINTERS

LOGICAL DMPIT,DMPTS,DMPPP,DMPVAR,PHIDMP
1,DMPKIV
COMrtON/DMPPTR/[)MPIT,D.MPTS,DMPPP,DHPVAR,PHIDKP
1,OMPRIV

GRID SIZES

LEVEL 2,DELX,DLLY,DELZ,DKLX1, DELV 1 , DELZI , F ACTX , FACTY , F ACTZ
COMMOM/Uk-LXYZ/DEl.XdbO) , UE-LY ( 1 50 ) , Ot.bZ ( 1 bO ) , OELX I ( 1 50 ) , DEL Yl ( 1 50 ) ,
1DELZK li>0) ,FACTX( 1 bO 3 , F AC T Y ( 1 bO ) , F ACTZC 1 50)

MASS BALANCE HATES

COHHON/CKRATK/CFLUX,CFLXCH,CHD1 , CHD2 , ETFLUX , FLUX , FLU XS , FLXN , FLXP ,
lPUMP,P(JMPCH,uKF.t LX,STOR,SUMK,SUMI,SUM2
2,FLXR,FLXRN,FLXRP

MASS BALANCE VULUhETRIC TOTALS

COMMON/CKVuLT/CKLUXT,CFXCHr,CHDT,CHST,ETFLXT,FLJXT,FLXNT,FLXPT,
1PHPCHT,PUMPT,OHET,STORT
2,FIrXRNT,KLXRPT

MASS BALANCE - OTHER ARRAYS AfJD VARIABLES

COMMON /CK AH KY/UPFLOw( 100) , FRMCLAY ( 1 00)

SPECIFIC Y1ELU AND SPECIFIC STORAGE

06134
06135
06136
06137
06138
06139
06140
06141
Obl42
06143
06144
06145
06146
06147
06148
06149
06150
06151
06152
06153
06154
06155
06156
06157
06158
06159
Obl60
06161
06162
06163
06164
06165
06166
06167
06168
06169
06170
06171
06172
06173
06174
06175
06176
06177
06178
06179
06180
06181
06182
06183
it \ H4

06185
Obl86
06187
06180
06189
Obl90
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Hb

120

130

135

140

145

150

155

160

165

170

LEVEL 2,SY,SS 
COHMON/SYSS/SY( 150) , SSC150)

COMPUTATIONAL INTERMEDIATE SCALARS 

COMMON/ClSCAL/B,D,K,H,RHO,RH01,Rri02,RH03,SU,Z 

MAXIMUM HEAD CHANGE POINTERS

R FtlCl , rtlGJ, HICK 
LEVEL ?, bid , B1GJ , bIGK,DLHDMX 
COMrfON/bIGl/biG,t?lGT,w 
COMMON/ « 1 (,2/BIG I ( 501 ),t>IGJ( 501) , BI GK ( 50 1 ) , DLriDMX ( 50 1 )

SPECIFIEU-HEAD DATA

LEVEL 2 rCHHLOw, FLEAK,IJKFLO 
COMMON/CHi)An/NCH,NCMAVA,NOVCH,KTRFLO 
COMKON/CHOAT2/CHFLUwl( 400), FLEAM 400),IJKFLO( 400,3)

LIST/MAP CUBES

INTEGER LOHM,CUBDEF
LEVEL 2,lCUbEG, ICUcND , JCUBEG , JCUEND , KCU8EG , KCUEND , LORM , X FP J , YFPI , 

lCUBDr:F,CuiMlNT,HAS£\/,PLCriAR
COMMON /CubESl/NCUriES,NPCH
COMMON /CueES 2/lCuttEGC SO ),ICUKNO(bO), JCUBEG ( 50), JCUENDC 50), 
l^CUHEG(bO) ̂ CUEMDOO) ,LORMCbU) , XKPI ( 50) , YFPI ( 50 ) , COBDEKC 50 ) , 
2CONirjT(bO) < faASEV(50),PLCHAK(4,20)

HYDROGRAPriS

LEVEL 2,JHYU,JHYU,KHyD,THYD,CONH'ifL>,SCAHYD,riYD,HINIT,TINir

COM^ON/HYG2/lhYU(10),JHYD(10),KHYU(10),THYD(100),CONHYD(10), 
1SCAHYDC 10),riYOC10,100),HINIIC10),TlMT

OBSERVEi) HYDROGRAPH DATA

LEVEL 2, IriYDOB.NPTOB, JHYDOB,KHYD08', THYD08, HYDOB 
COMMON/rfYGOdl/NtiGOB
COMMON /tiYGOu2/lri^U08( 10) , JHY 008(10) ,KHYDOB(10) ,rHYDOB(10,100), 

1HYDO«(10,100) ,UPTOB(10)

PUMPING LATA

LEVEL 2,1*, J*,KW,LOCWN,W£LVAL 
LOGICAL wt-LZkO

CC)MK.')N/PMPDT?/Jrt(100),Jw(100),K«(JUU),LOCWN(100),wELVAL(100)

l(JMAX(200),KFLOn(200),RH/ERC200),TO(200),VN(^00),INDX(2,200),3R

2D BOTTOM AND PERMEABILITY 

COMMON /bOI PR M/bOTTOM(l, 1) ,PE«M(1, 1)

06191
06192
06193
06194
06195 
Obl9fa 
06197 
0619«
06199
06200
06201
06202
06203
06204
06205
06206
06207
06208
06209
06210
06211
06212
06213
06214
06215
06216
06217
06218
06219
06220
06221
06222
06223
06224
06225
06226
06227
06228
06229
06230
06231
06232
06233
06234
06235
06236
06237 
0623S 
06239 
"O40
06241
06242
06243
06244
06245
06246
06247
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175

180

185

190

195

200

205

210

215

220

225

RECHARGE

LEVEL 2,OKE 
COMMON/RECH/OREC 20, 20)

WATER SURFACE

LEVEL 2,wSUR 
COMMUN/*SUrtF/*SUR( 20, 20)

KIVEKS

LEVEL 2,OKA 
COMMON/R1VR2/ORA( 20, 20)

RECORD MANAGER BUFFERS FOR LEAKAGE FROM CONFINING BEDS

LEVEL 2,RMA,RMB
COMMON/TRARYI/MODE
COMMON/TRARY/RWAC4000),RMB(4000)

DUMMY COMMON BLOCKS IN LEVEL 1 (SCM) AND LEVEL 2 (LCM). 
THESE BLUCKS MUST APPEAR IMMEDIATELY BEFORE /L3STOH/ IN MAIN 
PROGRAM AND MUST FOLLO* ALL OTHER SCM AND LCM COMMON BLOCKS.

LEVEL 2,LASTDM2 
COMMJN/LASTL1C/LASTDM1 
COMMON / L AS XL 2C/1. AS f DM 2

DEFINITION OF LCK LEVEL3 VARIABLES. THIS MUST FOLLOW ALL LEVEL2,

LEVEL3,STRLCM
COMMON/L3S10R/STRLCMC1)

LEVEL3.LASTDM3
COMMON/LASTLC3/LASTDM3
END OF LEtfEL3 DEFINITIONS

I/O

DATA HDUMP,MKTA,RAKIN,BAKOUT,lNKILE f PRFILE/l,2,3,4,5,6/
DATA OHStlL/30/
DATA LFM tiR, LFNTB*V/21 , 22/
DATA LFN,LO(i,LFB,L,OP,NSL,NXT/21 ,22,.F.,.T.,1,1,2,2,0,0,0,O/
DATA !NVSN,OUTVSN/4(" H ) /

VARIABLE ARRAYS

DATA NVPN,NNPR,NNPC,NNPL,N«PK,NWPC,NWPL,N».'AL,NNAL/y(0)/
DATA LCPHi , LCSTK,LCr, LCS, LC i'K , LCTC , LCTK , LCWEL/8 ( 0 ) /
DATA LCTL,LCTLK,LCSL, LCZCb, LCRATL/b(0)/
DATA LCEI.,I.CHu,LCGL,LCV, LCXI/b(0)/
DATA VNAKL,rihADNG/3y(" ")/
DATA NwDl.CM^CMPTR/O, 150(0)/

06248
06249
06250
06251
06252
06253
06254
06255
06256
06257
06258 
u62 59
06260
06261
06262
06263
06264
06265
06266
06267
06268
06269 
Ob270
06271
06272
06273
06274
06275
06276
06277
06278
06279
06280
06281
06282
06283
06284
06285
06286
06287
06288
06289
06290
06291
06292
06293
06294
06295
06296 
C129?
06298
06299
06300
06301
06302
06303
06304
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230

235

245

250

255

260

265

270

275

TIMt AND ITERATION VARIABLES

DATA COLT, DK.LT , DELTrt 1 , OA X S , DA YSP , HRS , SM1N , SUM , SUMP , TMAX/10 ( 0 ) /
DATA YKS, )(KSP/2(0>/
DATA l,J,K,in,JO,KO,M,Jl,Kl,12,J2,K2/12(0)/
DATA KP > Kf f ir,M-> KK,NUMl f ITMAX,lTMXl/7(0)/
DATA MODPK/5/
DATA NKHOP,KHOP,WMAX/0,21(0.)/
DATA ITTS,DLHDrlX/200(0) ,202(0.)/
DATA CNVKG/.F./
DATA DAMP/1./

LOGICAL

DATA EQN3,EUN4/.F.,.F./
DATA USFLC*. , USKRMSJJSEtflO, MKOOOO , MF7000/. T . , 3(.F.) ,.T./
DATA rKACt,LirplS,LiTolP,HBAL,PK/3(.F.),.T./
DATA SKL,Ke.S,kt-:;STHT r HSHTPP f KSRrrS,RSKriT/5(.F.)/
DATA DMPH',Ul*PTi>,DMjJ PP,D^PVAH,PHlD*lP/5(.F.)/
DATA DUPKIV/.F./
DATA dKLZr<Q/.T./
DATA KBALPK/.X./

MASS BALANCE

DATA CFLUX,CFLXCH,CHDl,CHD2,fe:TFl-UX,FLUX,FLUXS,FLXN,FLXP/9(0.)/
DATA PUMP,PU*PCH,UKtFLX,SrUK,SUMK,SUM1/6(0.)/
DATA FLXkjf-LXrtNfFLXKP^CO.)/
DATA SUM2/0./
DATA CFLUXT,CFXCHT,CHDT,CriST,ETFLXT,FLUXT,FLXNr,FLXPT/B(0.)/
DATA PMl5 CHT,PJrtt3 T,UKeT,SrORr,rOTLl,T'JTL2/6(0.)/
DATA FL,XkMT,FLXHPT/0. , 0. /
DATA UPFLOrf,KHHCLAY/200(0)/

MISC.

DATA DKLX,DELy,DELZ/450(0.)/
DATA DELXI,DEbyi,DtLZi/450(0.)/
DATA FACTX,KACTi,fACTZ/450(0. )/
DATA SY,SS/300(0.)/
DATA B,D,F,H,HHO,RH01,HHD2,Kri03,SU,Z/10(0.)/
DATA NHGKAF,urS/0,0/
DATA TlNir/0./
DATA NCUBLS,»PCH/O,io/
DATA (PLCHAHd,LQOP),LOOP=1,20)/ H 0","l","2 H ,"3","4","5","b","7
''B»,»g H < "A","L>","C", M 0", M E","F", M G","H","I","J"/
DATA NwEL,KTRn,OFAC/0,0,100(l.)/
DATA MODt/0/
DATA WTAbL£,TKLEAK,RCriRG/.F.,.F.,.F./
DATA CL.ouKK,r!n.rLAG,r'IitijrS»ijCnru r SC''ir"u,VERBIG/0.,0,&,ii,0,0.^
END

06305
06306
06307 
0630B
06309
06310
06311
06312
06313
06314
06315 
Uo3l6 
0631 7
06318
06319
06320
06321
06322
06323
06324
06325
06326
06327
06328
06329
06330
06331
06332
06333
06334
06335
06336
06337 
0633H
06339
06340
06341
06342
06343
06344
06345
06346
06347
06348
06349
06350
06351
06352
06353 
uo J54 
06355
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CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

237 I DLHDMX DATA VARIABLE LIST EXCEEDS ITEM LIST, EXCESS VARIABLES NOT INITIALIZED.
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10

15

20

25

JtC

3b

40

50

UVERLAY(FD3D,2,0) 
PROGRAM COMPUTE

COMPUTATIONAL OVERLAY FOR "SIP" ALGORITHM.
ITERATE WITHIN TIMESTt.PS UNTIL CUNVFRGKNCE OW FRROR CONDITION,
LOOP ON TIMtiSTLPS wITril.N PUMPING PERIODS UNTIL SIMULATION
IS COMPLETED OK UNTIL LRROK CONDITION.

*CALL ALL COMMON BLOCK COHDECKS

DUMMY COMMON BLOCKS IN LEVEL 1 (SCM) AND LEVEL 2 (LCM).
THESE BLOCKS MUST APPEAR IMMEDIATLLV AFTER /LCMC/ IN MAIN PROGRAM,
AND MUST PRECEDE ALL OTHER SCM AND LCM COMMON BLOCKS.

LEVEL 2,FRSTDM2 
COMMON/FKSTL1C/FRSTDM1 
COMMON/FKSTL2C/FRSTDM2

GLOBAL PARAMETERS

INTEGER SCMFL,10DAY,f-:RFLAG,FINLTS
LOGICAL TKACE,USLLCM,USt:KMS,USf:BIO,MF6000,MF7000
CQMMON/GLDPkM/CLSURL,e.KFLAG,FlNLTS,LCMFL,SCMFL, VERBIG
COMMUrJ/VOFKSr/LCPHIfLCn'ELfLCSTR.LCT.LCS, LCTR , LCTC , LCTK , LCEL, 
1LCFL,LCGL,LCV,LC/I, 
2LCBOT,LCPERM,
3LClL.L,CrLr;,LCSL,LCZCB,LCRAT£:, 
4NVPN,NWPk f NUPC,N«PL,NNAL,N«PK,NwPC,N^PL,NWAI.,TRACE,TODAY

COMMON/MFSiZE/USELCM,USLRMS,USEblO,MFbOOO,MF7000,NWDLCM, 
1LCMPTR(150)

LOOP, ROW, COLUMN, LAYER POINTERS 

COMMON/LOOPS/1,J,K,IO,JO,KO,I1,J1,K1,I2,J2,K2 

TIME RELATED SCALARS

COMMON/lSCAL/CL>LT,DELT,DELTMi,OA*S,DAYSP,HRS,SMIN,SUH,SUMP,TMAX, 
1YRS,YRSP

ITERATION AND TIME PARAMETERS

LOGICAL LITS1P,LITPIS,MBALPR,C>SVRG
COMMON/J']PARM/KP,KT,lT,NPt.R,NU«<T,MOrJPR.M8ALPR,ITMAX,ITMXi,NRHOP, 

1KHOPC20),"MAX,CM VKG,ITTSC200),DAMP,LIT51P,LITP1S

LOGICAL wrAt3LE,RCriKG,TRLEAK,KQN3,EQN4 
COMMON/OPfUEF/wTAbLE,TRLEAK,RCHkG,EQN3,EQN4

HEADINGS

INTEGER HEADNG,VNAML
COMMON/HDG/riEADNG(14),VNAME(25)

06356
06357 
0635B
06359
06360
06361
06362
06363
06364
06365 
</D 3 66
06367
06368
06369
06370 
Ob371
06372
06373
06374
06375 
0637t>
06377
06378
06379
06380
06381
06382
06383
06384
06385
06386
06387
06388 
063«9
06390
06391
06392
06393
06394
06395
06396
06397
06398
06399
06400
06401
06402
06403 
?'. '.04 
0640!'
06406
06407
06408 
Ob409
06410
06411
06412

659



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

65

70

75

80

85

90

100

105

110

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

I/O POINTERS

LOGICAL l,OGRDA,LOGRDB
INTEGER LFNC2) , L'JG(2) , LFB(2) , LOPC2) ,NBL(2) ,NXT(2)
COMMON/ 1UPTK/LKN A, LKMi , LOGRDA , LOGK Db , LFN TBR , LFNTbW , LFElOF A,LFBOFB,
lLOPA,LOPh,f«HLPA / NHLPr>,NXrA,NXTB
EJUlVALt.NCKCLt *. LFNA) , ( LOG , LOGHU A ) , ( LFB , LFBOFA ), (LOP, LOP A)
EUUIVALENC't(NBL,NriLPA),(NXr,NXrA)

I/O FILES

INTEGER HDUMP,bAKlN,BAKOUr,PRFILE,ObSFIL
COMMON/luFILt./HUUMP,KETA,bAMN,bAKOUT,IuFlLE,PRFILE,OBSFIL

RECORD MAiJAGER FILE POINTERS

INTEGER TRF1T,TRBUF
COMMON/THFILE/1HF1T(35) ,TR6UF(1000)

MASS STORAGE FILE POINTERS

COMMUN/KSrILE/MSFI1(35),RMSBUF(1000)
CDMMON/MSbUFH/f-iRSRM,LASTky,NXFEK,SCMBUF{2000)
INTEGER KlKSkK

RESTART POINTERS

LOGICAL SELRES,HESrRT,RSRTPP,RSRTTS,RSRTIT
INTEGER OUTVSN
COHMON/KSrPTk/SELRES,RESrRr,RSK'TPP,RSRTTS,kSRTIT,lNVSN(2) ,

1OU1 VSNC2)

LISTING/DUMP POINTERS

LOGICAL DMPIT,DMPTS,L>MPPP,DMPVAR,PHIDMP
IfDC'PRIV
COMMON/UK PPTR/ DM PIT, DMPTS, DM PPP, DM PVAR,PH I DMP

1 , DM PR IV

GRID SIZES

LEVEL 2,DELX,DELY,DELZ,DELXI,DELYI,DELZ1,FACTX,FACTY,FACTZ
COMMON /DLLXYZ/DtLX( lbO),DFLY(lbO),DKLZ(lbO),DELXl(150),DELYl(150),
1DELZH150) ,FACTX(lbO),FMCTY(150),FACTZ(150)

MASS BALANCE RATES

COMMON/CKKATE/CFLUX,CFLXCH,CHDl,ChD2,ETF LUX, FLUX, FLU XS,FLrXN,FLXP,
1PI)MP,PUHPCM,CIKEFLX,STOR,SUMR,SUM1,SUM2
T L-l v ;> c-f vu>i f-i vno

MASS BALANCE VOLUMETRIC TOTALS

COMMON /CK VOLT/C FLU XT, CFXCHT, CHUT, CHS T, ETFLXT, FLUXT , FLXNT , FLXPT ,
1PMPCHT,PUMP1,UKE1,STOKT
2,FLXRNT,FLXRPT

06413
06414
06415
06416
06417
0641B
064J9
06420
06421
06422
Ub423
06424
06425
06426
06427
06428
06429
06430
06431
06432
06433
06434
06435
06436
06437
06438
06439
06440
06441
06442
06443
06444
06445
06446
06447
06448
0644V
06450
06451
06452
06453
06454
06455
06456
06457
0645H
06459
06460
06461
06462
C '-j 4 C "*

06464
06465
06466
064t>7
0646B
06469
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lib

120

130

135

140

150

15b

160

170

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

3,TOTL1 ,TOTL2

MASS BALANCE - OTHER ARRAYS AND VARIABLES

COMMON /CKARRY/UPKLOw( 100) ,FRMCLAY(100)

SPECIFIC YIELD AND SPECIFIC STORAGE

LEVEL 2,SY,SS
COMMON/SySS/SY ( 150) ,SS( 150) r

COMPUTATIONAL INTERMEDIATE SCALARS

COMMUN/CISCAL/H,D,K,H,RriU,RH01 ,RHU2,RH03,SU,Z

MAXIMUM HEAD CHANGE POINTERS

INTEGER bIGl,BIGJ,BIGK
LEVEL 2,bIGl,riIGJ,bIGK,DLrtDMX
COMMON/HjGl/BIG,bIGT,w
COMMON/BIG 2 /BIGI(b()l),BIGJ (501 ),HIGK(501) ,DLHDMX(501)

SPEC1F1ED-HEAD DATA

LEVEL 2 ,CHFLUrt,FLEAK,IJKFLO
COMMUN/CHL>ATl/tvCH,NCHAVA,NOVCH,KTRFLO
COMMON/CHUAT2/CriFLUW( 400),KLEAK( 400),IJKFLU( 400,3)

LIST/MAP CUBES

INTEGER LC1RM,CUBDEF
LEVEL 2, JCUriKG,iCUEND, JCUBEG , JCUEND , KCUBEG , KCUEND, LORM , XFPI , YFPI,

ICUbDEh ,CUN1N'I',HASEV,PLCHAR
COMMON/CUbt;Sl/NCUHtS,NPCri
COMMON /CUdhS2/ICUBEG( bO ) ,ICUENDl 50) , JCUBEGC50) , JCUENDC50) ,

lKCUiiKG(50),KC'Jfc.ND(50),L3h»«(50),XFPI(bO) l YFPIC50},CUbDEK(50) f
2COMNr(50),riASEV(50),PLCHARC4,20)

HYDROGRAPHS

LF.VEL 2,IHYD,JHYr),KriYD,THYD,CONHYD,SCAHYD,HYD,HINlT,TINir
COMMON /H YG 1 /NHGRAK, NTS
COMKu^/HyG2/lhyD(10),JHYl)(10),KHVD(10),THYD(100) , COrJHYD ( 1 0 ) ,
lSCArtYOC10),HYDC10,100),rlINITC10),TINIT

OBSERVED HYDROGRAPH DATA

LEVEL 2, \ rtYOOB,NPTQB, Jrt YDOB , KH YDOB , THYDOB , HYDOB
COHMON/HYbUbl/NflGUb
COMMON/riyU()B2/lriyDOB(10),JHYDOB(10),KHYDOBC10) , THY DOB ( 10,100) ,

1 HvnnH r i n . i no) , tjPTrm( 1 n i

PUMPING DATA

LEVEL 2, l«v, JW,K*f,LOCwN, WELVAL
LOGICAL wEL^HU
COMMO.V/Pf,PDIl/N»iEL,KTR*,WELi!.RU f OFAC(100)

06470
06471
06472
06473
06474
06475
06476
06477
06478
06479
CC.48C
06481
06482
06483
06484
06485
06486
06487
0648B
06489
06490
06491
06492
06493
06494
06495
06496
06497
06498
06499
06500
06501
Ob502
06503
06504
06505
06506
06507
06508
06509
06510
06511
06512
06513
06514
06515
06516
06517
06518
06519
0^520
06521
06522
06523
06524
06525
06526
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175

180

IBS

190

195

200

205

210

215

225

COMMON /PMPDT2/ 1 *( 100),Jrf(100),KW(100) , LOCWN(IOO) , *ELV AL( 1 00 ) 
COMMON/KlVK/NR,NHN,NTOT,NADD(20),NHC(20),Oi>(20),KU(20),KFLOW(200), 
ldMAX(?UU),khLUw(200),RJLVKR(200),TO(200),VK(200),lNUX(2,200),aR

2D BOTTOM AND PERMEABILITY 

COMMON /BUTPRM/bOTfOrtd , 1) ,PERMd, 1) 

RECHARGE

I-PVEI. 2, ORE 
COHMON/KfCH/GRE( 20, 20)

WATER SURFACE

LEVEL 2,WSUR 
COMMON/*SUKF/WSUR( 20, 20)

RIVERS

LEVEL 2,ORA 
COMMUN/R1VK2/OPA( 20, 20)

RECORD MANAGER BUFFERS FOR LEAKAGE FROM CONFINING BEDS

LEVF.L 2,KMA,RHb 
COWKON/'IHARY I/ MODE 
COMMUN/T«AKY/RKA(4000) , R MB (4000)

DUMMY COMMON BLOCKS IN LEVEL 1 (SC«) AND LEVEL 2 (LCM). 
THESE BbUCKS MUST APPEAR IMMEDIATELY BEFOKt: /L3STOR/ IN MAIN 
PROGRAM AND MUST FOLLO* ALL OTHER SCM AND LCM CUMKON BLOCKS.

LEVEL 2,LASTDM2 
COMMON /LASTL1C/LASTDM1 
COMMON/LASTL2C/LASTDM2

DEFINITION OF LCM LEVEL3 VARIABLES. THIS MUST FOLLOW ALL LEVEL2.

LEVEL3,STKLCM
COMMON/ LJST3R/STRLCM(1)

LEVEL3,LASTDM3 
COMMUiJ/LASTLC3/LASTD«3 
END OF LEVEu3 DEFINITIONS

INTEGER MSGC4) 
LOGICAL LNDSJM
**»»4*»»t*»**»««»t »»*«**»*»***»».»*»» + ****»**»*»****»*******»**»*»*

* BLANK COMMON USED FOR SCM FIELD LENGTH REDUCTION ONLlf »
* THIS FtATUKE IS DEPLNDENf JN CDC COMPUTERS *

COMMON ENDSCM

NAMELIST FOR MEMORY /LOCAT1 ON POINTERS

NAMELIST/NLPTRS/NifPN,NNPR,NNPC,NNPL,NhPR,N«PC,NWPL,NWAL,NNAL,

06527
06528
06529
06530
06531
06532
06533
06534
06535
06536
06537 
0653B
06539
06540
06541
06542
06543
06544
06545
06546
06547 
0654B
06549
06550
06551
06552
06553
06554
06555
06556
06557
06556
06559
06560
06561
06562
06563
06564
06565
06566
06567 
0656B
06569
06570
06571
06572
06573
06574
06575 
uo57 6
06577
06578
06579
06580
06581
06582
06583
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1I.CPH1 , LCwEL,LCXl,LCiiTR,LCEL,LCFL,LCGL,LCV,LCT,l,CS,
230

235

240

245

250

255

260

26b

270

275

280

285

3LCTK,LCTC,LCTK,LCTL,LCrLK,LCSL,LCZCB,LCHATE, 
4IO,JO,KO,n,Jl.Kl,I2,J2,K2,KP,KT,IT,KTKrf,NrfEL

C REDUCE SCM FIELD LENGTH TO MA + IOOB 
C

SCMFL=MEM«),(LUCF(ENDSCM)+100B))
ENCUnE(JO,1002,MSG)SC.MFL 

1002 FORHAT("SCMFL SET TO ",06,"B (COMPUTE)")
MSG(4)=0
CALL REMAKMMSG)
CALL REMAkN("!3h.GIN COMPUTING.")
ZERO=0.0
IF(TRACt:)CALL PRENTC " COMPUTE" ) 

C
C IF THIS IS A RESTART, DO HE START *ITH 
C 1. NEw PUKP1NG PERIOD RSRTPP = .TRUE. 
C 2. NL<< riMLSTLP RSHTTS = .TRUE. 
C 3. NE* ITERATION RSRTIT = .TRUE, 
C

1=.FALSE. 
>P = KF.STkT.AND.( .NUT.(RSRTTS.OR.RSRTIT))

IF(.NOT.(RSRTIT)) GO TO 99998
NEXT=3
GD TO 99999 

9999H IF(.NOT.(RSRTTS)) GO TO 99997
NEXT=2
GO TO 99999 

99997 IFC.N3T.(RSRTPP)) GO TO 99996
NEXT=l
GO TO 99999

(DEFAULT)

99996
9V999
C
C
C
C
C

99995
C
C
C
99994

NEXT=1 
RESTRT=. FALSE.

LOOP ON PUMPING PERIODS (NEXT=1)
TlMb STbPS (NEXF=2)
ITbKATJONS (NEXI=3)

GO TO 99994
IF(ENDSIM) GO TO 99993

NEW PUMPING PERIOD

1F( Cl ) ,NE. (NEXT) ) GO TO 99991
IF( .NOT. CRSRTPP) ) GO TO 99990
CALL RFHAKK( H KESTAHT FROM NLrf PUMPING PERIOD")
RSRTPP=.K ALSE.

C
C NEW TIMESTEP
C

GO TO 99992
99991 1F( (2) .NE. (NEXT)) GO TO 99989 

1F( .NOT.(RSKTTS) ) GO TO 99988 
CALL RLMAKN("RESTAKT FROM Nfc* TIMESTEP")

06534
06585
06586
06587
06588
06589
06590
06591
06592
06593
06594
06595
06596
06597
06598
06599
06600
06601
06602
06603
06604
06605
06606
06607
06609
06609
06610
06610
06610
06611
06611
06611
06612
06612
06614
06615
06616
06617
06618
06619
06620
06620
06622
06623
06624
06625
06626
06627
06628
06630
06632
06633
06634
06635
06635
06636
06637
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RSKTTS=.FALSE. 
CALL

290

295

300

305

310

315

320

325

330

335

340

99988 
C
C NEW ITERATION / 
C

GO TO 99992
99989 IF{ (3) .H!-:. (NEXT) ) GO TO 99987

1F(.NOT.(RSKT1T)) GU TO 99986
CALL KEMAKK ( "Kr.S'l A«T FKOM NE* ITERATION")
RSRTIT=.FALSE. 

9 9 ? 6 o C A u L NEnIT
CONTINUE999B7

C
C
C
C
99992

9998b 
C 
C 
C

C 
C 
C

COMPUTE T-COKFF1CILNTS AND TRANSMISSIVITY FOR ALL UNCONFINED 
NODES, if- WATEK TABLE PKUBLLM

1F(.NOT.(«TABLE)) GO TO 99985 
CALL *TTKAN 
IF(TKACE)«KITL(PRFILE,NLPTRS)

DO NOT ITERATE IF A nELL HAS GONE DRK IN "TRANS" 

1FC.NOT.(EKFLAG.LT.2)) GO TO 99983 

ALTERNATE SIP NORMAL AND REVERSE ALGORITHMS

IF( .NOT. (MUO(1T,2) .EQ.O)) GO TO 99981 
CALL SIP 
Ll'ISIP=.TRUE, 
LITHIS=. FALSE. 
GO TO 999B2 

99981 CALL PIS
HTPIS=.TKU£.
L1TSIP=. FALSE.
IF(TRACr;)*klTK(PRFILE,1000)IT,BIG
FORMA1 ( IX, "MAXIMUM HEAD CHANGE (HIG) FOR ITER ATION" , 1 4 ,

99982
1000 IS

GO TO 999W4 
94983 IF(THACL)*kITE(PRFILF,1003)"SIP/PIS NOT PERFORMED. WELL rfENT DRY.'
1003 FORMAKlA, 13A10,A2J 

C
C CHECK SENSE SwITCri 1 AND ERROR FLAG. 
C
C ERFLAG=0 
C ERFLAG=1 
C EHFLAG=2 
C ERFLAG=3 
C ERFLAG=4 
C
99984 CALL SSWTCHU,

ENDSl« = b.r(iJSIM.UK. (ISWl.ea.l).OR.(EKFLAG.GE.2) 
IF( .NUT. (LixDSlM) ) GU TO 99979 
CALL SKCUNU(CP7 1ME.)
EnCUDE(40,1001,MSG)KP,KT,1T,CPTIME,ZERO

1001 FOHMAT("PP = ",13," TS = ",13," IT = H ,13," CP = ",El 1.4,AS) 
CALL KEMAKK(MSG) 
IF(.NOT.dSrtl.EU.l)) GO TO 99978

END OF TIMESTEP
EMU OF NPEK PUMPING PERIODS
IIMA* Ifc-HATIONS EXCEEDED
wbLL GOES DRY
RH/t.H NUDE faOUNuARY ERROR (RIVERU)

06638
06640
06642
06643
06644
06645
06645
06646
06647
06648 
Oooau
06652
06653
06654
06655
06656
06657
06658
06660
06661
06662
06663
06664
06665 
06b66
06667
06668
06669
06670
06671
06672 
06b74
06675
06676
06678
06679
06680
06681
06683
06684
06666
06687
06686
06689
06690
06691
06692
06693
06694

06696
06697 
0669B
06699
06700
06701
06702
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345

350

355

360

365

370

375

380

385

390

395

99978 
C 
C 
C
99979

C 
C
r*

c
99976

C 
C 
C

C 
C 
C 
99974

C 
C 
C 
99972

CALL RKMARKC'SENSE SWITCH 1 STOP") 
GO TO 99980

TEST FOR CONVERGENCE (CNVKG = .TRUE.)

IF(.NOT.(.NOT.CNVKG) ) GO TO 99976
NEXT=3
GO TO 99977

CONVERGED. INCREMENT IT CUUNTEP AND BRANCH TO OUTPUT FOS MASS 
BALANCE. CALCULATIONS »«0 PHI fJT'iiiT

IT = IT-H 
CALL, OUTPT

RESET ERFLAG

ERFLAG=0
CALL SECONDCCPTIME)
ENCUDEC4U,1001,HSG)KP,KT,IT,CPTIME,ZERO
CALL REMARK(MSG)

END OF TIMESTEP.
CHECK SENSE S«1TCH 2.
TEKMINATE IMMEDIATELY IF SSW2 IS ON.

CALL SSWTCH(2,I5W2) 
ENDSIM=ENDS1H.OK.(ISw2.E0.1) 
IK(.Hl)T.CENOSlM)) GO TO 99974 
CALL HFMAHKC'SKHSE SwllCH 2 STOP") 
GO TO 99975

CHECK FUR FINAL TIHESTEP OF PUMPING PERIOD

IK(.NOT.(FINLTS.NE.1)) GO TO 99972
NEXT=2
GO TO 99973

CHECK FUR FINAL PUMPING PERIOD

IF(.NOT.(KP.LT.NPER)) GO TO 99970
NEXT=1
GO TO 99971

99970 ENOSIM=.TKUE. 
ERFLAG=1 
CALL KEMAKK("NPER PUMPING PERIODS FINISHED.")

99971 CONTINUE 
99973 CONTINUE

99977
99980
C
C
C
99993

CONTINUE 
GO TO 99995

DO FINAL MASS BALANCE. PRINTOUT AND FILE DUMPS, IF NECESSARY

1F(.NDT.(FINLTS.NE.1)) GO TO 999b9 
F1NLTS=1 

99969 IF(ERFLAG.NE.1)CAL,L OUTPT

Ob703
06705
06706
06707
06708 
Oo710
06711
06712
06714
06715
06716
06717 
0671B
06719
06720
06721
06722
06723 
05724 
06725 
Ob726
06727
06728
06729
06730
06731
06732
06733
06734
06735
06736
06738
06739
06740
06741
06742
06743
06744
06745
06746
06748
06749
06750
06752
06753
06754 
Ob756 
06757 
06756
06759
06760
06761
06762
06763
06764
06765
06767
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400 END 06768
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10

15

2b

30

40

45

50

55

SUBROUTINE CLAY

COMPUTE COEFFICIENTS FOR TRANSIENT PART OF LEAKAGE TERM 
THIS ROUMNr: USES CYBEK "OKU ADDRESSABLE DISK FILES 
WJTHIN THE" "KE'CUHD MANAGER" SYSTEM SOFTWARE' STRUCTURE.

GLOBAL PARAMETERS

INTEGER .SCMKL,TO[)AY,ERFLAG,FINLTS
LOGICAL, 1KAC1- , l'Si.LCM,USe:HMS,USeBIU,MF6(>00,MF7000
CuMMUN/vJLuir'K '-i/CijSUnt , ^IX.'OHU , Ki .^Lif ̂  , LC^r u , oCr, FL, VEKBIG

CrtLL, LCSTR , LCT , LCS , LCTR , LCTC , LCTK , LCEL

2LCBQT,LCPEKM, 
3L.CTL,LCTLK,L,CSL,LCZCB,LCRATfc;,

ILCHPTRClbO)

LOOP, RUrf, COLUMN, LAYER POINTERS 

COMMON/LCJOPS/I,J,K,10,JO,KO,I1,J1,K1,I2,J2,K2 

TIME RELATED SCALARS

COMMON/TSCAL/CDLT,DELT,DELTH1,DAYS,DAYSP,HRS,5MIN,SUM,SUMP,TMAX, 
1YRS,YKSP

I/O FILES

JNTEGKk HDU^P,bAKlN,BAKO'JT,PRFILK,OBSFIL 
COMMOfV/lOFlLF./riDUHP.rtETAfBAMNjBAKOUT^NFiLEfPRFILE.OBSFIL

SPECIFIC IflELD AND SPECIFIC STORAGE

LEVEL 2,SY,SS 
COMMUN/5VSS/SY(150),SS(150)

RECORD MANAGER BUFFERS FOR LEAKAGE FROM CONFINING BEDS 

LEVEL 2,RMA,RKB
CDMMON/TKARYi/rtODE 
COHKON/TRAKK/RMAC 4000), RM8C 4000)

RECORD MANAGER FILE POINTERS

INTEGER TRt-IT,TWBUf
COMMON /TKFILE/TRFITC 35), TRBUF( 1000)

HL. V C.D— i. 11 Oric

LEVEL 2,HXA,HXB,HXC 
COMMON/LCMA/MX A(8000) 
CUMHUN/LCMtVMXt<(8000) 
COMMON/bCMC/hXC(fi000)

06769
06770
06771
06772
06773 
Ob774
06775
06776
06777
06778
06779 
ue»78U
06781
06782
06783
06784
06785
06786
06787
06788
06789
06790
06791
06792
06793
06794
06795
06796
06797
06798
06799
06800
06801
06802
06803
06804
06805
06806
06807
06808
06809
06810
06811
06812
06813
06814
06815
06816
06817
06818
i. u o 1 9

06820
06821
06822
06823
06824
06825
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60

70

75

80

85

90

LOCAL VARIABLES FOR LEAKAGE

REAL A(9,9),hCIJ (10) ,Bl(10)
LOGICAL KlHSr,ACTIVE
INl'EGEK Al)KMA(100),ADR"IB(100)

DATA P?/y.h69b044010b9J5B619/
DATA P4/V/.40909103400243724/
OATA FIRST/.TRUE./ '

ESTABLISH WORD ADDRESSABLE FILE ADDRESSES OF RHA,RMB ARRAYS

IF(TRACL)CALL PRKNT("CLAY")
l<rtORUS = MOOh.*IO*JO
IFC.NOT.(KIKST)) GO TO 99999
F1RST=.FALSE.
ADRHAC1)=1
ADRMBC1)=N«ORDS+1
DJ 99998 1=2,Kl
Ai)RMA( I )=ADR.Mrt( I-:

99998 CONTINUE
MN=N*OUUS*2*K1
ARI J'EtPnFILE, 1000) NN , "WORDS ON LEAKAGE/RM WORD ADDRESSABLE FILE. 

100U FOR'UTC/lX, I 10, IX, 12A10)
IKCrRACE)^KITt,(PRKlL,e;,1001)(ADRMA(I). ADRMB ( I ) , 1 = 1 , K 1 ) 

1001 FORMAK/1X, "ADDKESS OF RMA RMb" / ( 7 X , 21 8 ) )
C 
C 
C 
99999

CALCULATE CONSTANTS AND ESTABLISH A,BCL,BONE ARRAYS

FZERO=P2/b. 
GZEKO=-P2/12. 
GONfc=-7.*P4/720. 
GTwO=-.5

CALCULATE FIRST VALUES OF RMA,RMB ON TIMESTEP 1

100

105

110

IF(.NOT.(^UM.LE.DE.LT)) GO TO 99997
IFC .NOT. (Ml)Df..LE.O)) GO TO 99995
bCLC 1 )=G'/iLHO
ril (1)=FZEKO
GO TO 99996 

99995 IF( .NOT. (MODE. EO.l) ) GO TO 99993
riCL( 1 )=GZbRO
GO TO 99994 

99993 DO 99992 J=1,HODE
BCLCJ)=0.0
HJ2=J*J
DO 9^*991 1 = 1, MODE
13=1-3
A(I, J)=RJ2**I3 

99^91 CONTINUE 
9^992 CONTINUE

BCLC 1 )=GONE

BCLC 3)=GT«0
DO 99990 1=2,KUUE

06826 
06627 
06«28
06829
06830 
06B31 
06b32
06833
06834 
06U35 
06636 
Ob«37 
Ob836
06839
06840 
06U41 
06642 
06843 
06U44 
06U45
06846
06847
06848
06849
06850
06851
06852
06854
06855
06856 
OoB57
06858
06859
06860
06861
06862
06663
06864
06865
06866
06867
06868
06870
06871
06872
06874
06875 
06U76
06877
06878 
0 b « 7 9
06880
06881 
06B82
06883
06884
06885

668
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115

120

130

135

140

145

150

155

160

165

170

RAIJ=1.0/A(I-1,I-1)
DO 999H9 K=I,MUUE
AA=A(K,I-1)*RAIJ
HCI.(K)=BCL(K)-BCL(I-1)*AA
DO 999B8 J=I,HODE
A(K,J)=A(K,J)-AA*AU-1,J)

99988 CONTINUE
99989 CONTINUE
99990 CONTINUE

tiCL(MODE)=bCLCMUDE)/A(MODE,MODE)
UO 99987 K=2,MUUE
JrMODE+2-K
JJ=J-1
BJJ=BCL(JJ)
DO 999R6 I=J,MODE
BJJ=BJJ-A(JJ,1)*BCL(I) 

99986 CONTINUE
BCL(JJ)=BJJ/A(JJ,JJ)
CONTINUE999H7 

99994 SUMN2=0.
SUWN4=0.
DO 99985 K=1,MODE
KK=K*K
Bl (K)=1.0
L=MODE+1-K

= BCL(L)

SUKN2=SUM«2'U.O/KK 
9998S CUN1INUE

CN=(P4/90.0-SUKN4)*MODE**4
Bl ( MUDE+1 )-l .04-CN
Hid )=FZEKO-SUMN2-CN/( MODE* MODE)
BCLl1)=0.0
00 999K4 K=1,MUDE
kK=1.0/(K*K)

BJ (K+l)

99984 
C 
C 
C

C 
C 
C 
C

CONTINUE

TRACK PKINT

WRITE(PRF1LE,BCLIST)

GET RMA,RMB ARRAYS FROM MASS STORAGE, BY LAKERS FKOM 1 
HXB IS MAIN LAKER, HXA IS LAKEK ABOVE

- Kl

CALL LDCLEVd)
CALL bUFlrt(HXB,
CALL LOCLEVC2)
CALL BUFJNCriXA,

SWAP LAYERS

'HXB".NIM.I)

'HXA M ,NIN,2)

DO 999R3 K=1,K1
IF(.NU1.(K.ME.1)) GO TO 99982
CALL BUFOtmHXH,"HXB M ,NIN,K-l)

06896 
06887 
06B88
06889
06890
06891
06892
06693
06894
06895 
06B96
06897
06898 
06«99
06900
06901
06902
06903
06904
06906
06907
06908
06909
06910
06911
06912
06913
06914
06915
06916
06917
06918
06919
06920
06921
06922
06923
06924
06925
06926
06927
06928
06929
06930
06931
06932
06933
06934
06935
06936
06937
06938
06939
06940
06941
06942
06943
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175

180

185

190

195

200

205

210

215

220

225

C 
C
C 
99982

99981 
C 
C 
C

CALL MOVLEV(HXA,HXB,NWPL)
CALL LUCLEV(K-U)
CALL HUKli«(HXA,"HXA",NIN,K+l)

HOVE RMA.RKB OUT IU WORD ADDRESSABLE FILE

CALL k*PUr(rRFIT,ADKMA(K-l),N*ORDS,RMA) 
CALL RMHUT(TRFlT,Ai)RKB(K-l),Nrf3RDS,RMB)

ZERO OUT RM ARRAYS

DO 99981 I=1,N*OROS 
RMA(I)=0. 
RHB(I}=0. 
CONTINUE

CALCULATE RMA,RMB INITIAL VALUES, LOOPING ON ALL NODES

LFWTN=1-NVPN
1)0 9998U LOOP=1,NNPL
LFWTN=LK*IN+SVPN

SKIP NODES IF T, RATE OR ZCB ARE ZERO

ACTlVE=(HXb(LKwTM+LCl ).NE.O.).AND. ( HX A ( LFrtTN+LCT) . NE.O.) 
IF(.N'OT.(ACTIVEJ ) GU 10 99978
ACTlVE=(riAB(LK*TN + LCRArF.) .GT.O.) . AND. ( HXB ( LFrfTN+LCZCB) .NE.O. ) 
IFt.NOT. ( ACI1VK) ) GO fO 99976

GO TO 99977
9997t> 
99977 
999 /H
99979
99980

99996 
C
r*

c 
c
99997

GO TO 99979
MXB(LFWT»+LCHATE)=-1.
CONTINUE
CONTINUt
CONTINUE

PROCESS LAST LAYERS

CALL BUFUUT(HXH,"HXB",NIN,K1) 
CALL BUFOUT(HXA,"riXA H ,NIN,KO)

PROCESS LAST RMA,RMB

CALL «MPUr(TRKn,ADRMA(Kl),N«ORDS,RMA) 
CALb RHPUr(TKFIT,ADRMb(Kl),NrtORDS,RMB) 
CONTINUE

TArniT.ATF. AD.HJSTED RMA.OMB FOR ALL TIMESTEPS 
LOAD 2 LAYERS

CALL LOCLEV(l)
CALL BUK1N(HXB,"HXB",NIN,1)
CALL I,OCLEV(2)
CALL BUFJN(HXA,"HXA",NIN,2)
LFWTN=1-NVPN

06944
06945
06946
06947
06948
06949 
Oh9SO 
06951
06953
06954
06955
06956
06957
06958
06959
06960
06961
06962
06963
06964
06965
06966
06967
06968
06969
06970
06971
06972
06973
06974
06975
06977
06979
06981
06983
06983
06984
06985
06986
06987
06986
06989
06990
06991
06992
06993
06994
06996
06997
06998
06999
07000
07001
07002
07003
07004
07005
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DO 99975 1=1,NNPL
230

235

245

250

25b

260

265

270

275

280

285

MXA(LF*TN+LCTL)=0. 
hXA(LF*TN+LCTLK)=0. 
HXM LKrtlNtLCSL) =0.

HXH(LFWTN+LCTLK)=0. 
HXH(LF*TN+LCSL)=0.

99975 CONTINUE
C
C SKAP LAl'F.Kii AND LOOP ON EACH LA*ER
C

DO 99974 K=l,K1
1F(.NOT.(K.NK.l)) GO TO 99973
CALL BUKUJT(HXB,"riXB",NlN,K-l)
CALL «OVLLV(HXA,HXB,N*PL)
CALL LOCLLV(K+1)
CALL bl)F!N( HXA, "HXA" ,NIN,I

UO 9997^ i=l,NNPL

HXA(LF«rN*LCTL)=0.
MXA(LF*i'NtLCTLK)=0.
hXA(LF«'JN*LCSL)=0.

99972 CONTINUE
CALL KMPUr(TRF]T,ADRMA(K-l) f N«OR()S,RMA) 
CALL RMPUf(TKFIT,ADKML>(K-l),r4rtORDS,F<MB)

C
C LOAD RMA,RKB
C
99973 CALL RMf.ET ( IKFIT , ADHM A ( K ) , NwURDS , RMA) 

CALL R^Gc.I('rKflT,ADK^d(K),N*OKUS,RMb)
C
C LOOP ON ALL NODES
C

LFKIN=1-NVPN
DO 99971 LOOP=1,NNPL

IGNOPK WHEN T IS ZKKO

IF(.NOT.(HXb(LF«TN+LCT) . NE. 0 . . AND . HX A ( LFWTN+LCT } . NE . 0 . ) ) GO TO 999 
170

SKIP NOOK IF RATE .LT. ZERO

TLN=riXB(LFWTN+LCRATE)
)F( .NUT. ( TLN.Gt.O. )) GO TO 99969

1F( .NOT.CALM.Ntl.O.J) GO TO 99968

HXLMT=1 .0/XLMT 
XLMT1=XLM*DELTM1 
RXLMT1=1 ,0/XLMTl

07006
07007
07008
07009
0 7 0 1 0
07011
07012
07013
07014
07015
07016
07017
07018
07019
07020
07021
07022
07023
07024
07025
07026
07027
07028
07029
07030
07031
07032
07034
07035
07036
07037
07038
07039
07040
07041
07042
07043
07044
07045
07046
07047
07048
07048
07049
07050
07051
07052
07053
07054
07055

SLN=TLN*(H1M2-H1M1)

07057
07058
07059
07060
07061
07062
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SLM = Tl,N*(HIrtl-HIM2) 
CUNt:=2.*TLN*KXLMT

290

300

305

310

31b

320

325

330

335

340

TLM=.5*CTLN-CONE*P2/6.)

CALCULATE RM ONLY FOR MODE .GE. 1

IF( .NUT. (MODE.GE.U) GO TO 99967 
r.niiPM=( LOOP-1

DO 999bo H=1,MODE

B1M=B1
XN=M*M
XPP=XN*XLMT1
1F( .MJT. (XPP.GT. .1) ) GO TO 99964
TEX=1.O-LXP(-XPP)
GO TO

99964 TEX=Xf 
999bb XPN=XN*XLMT

1FC.NOT.(XPN.GT..1)) GO TO 99962
XXH=1.U-EXP(-XPN)
GO TO 99903

99962 XXN=APN»(24.+XPN»(-12.+XPN*(4.-XPN)))/24,
99963 DTEX=1.0-XXN 

XXE-CONE*XXN 
TLN=TLN-XXE*Blh 
TLM=TLM-XXE*BM

RMA(LOOPM)=RHACLOOPM)-CT*0*(B1 M*OLDM1-BM*OLDM2 ) *TEX 
K"1B( LOO PM)=«HBC LOOP M)-Cr*0*( 81 M*ULDM2-BM*OLDM1)*TEX

KMA(LOUHM)=RMA(LQOPM)*DrEX

99966 CONTINUE
99967 SLN=SLN+1LN*HIM1-TLM*HIM2 

SLM = SLMtTL,N*HlM2-TbM*rlIMi 
C
C UPDATE PERMANENT ARRAYS 
C

HXA(L,FwTN + L,CSL,)=SL,M
HXh(LFwTM+-LCSL)=HXB(LFwrN + LCSL)+SLN 

9996H CONTINUE 
99969 CONTINUE 
99*70 CONTINUE 
99971 CONTINUE 
99974 CONTINUE 
C

07063
07064 
0706b
07066
07067
07068
07069
07070
07071
07072
07073
07074
07075
07076
07077
07078
07079
07080
07081
07082
07083
07084
07085
07087
07089
07090
07091
07092
07094
07096
07097
07098
07099
07100
07101
07102
07103
07104
07105
07106
07107
07109
07110
07111
07112
07113
07114
07115 
w7 i io
07117
07118
07120
07121
07122
07122
07123
07124
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345

350

PROCESS OUT FINAL LAYERS

CALL BUFUUTCHXB,"riXB",NIN,Kl) 
CALL BUFOUTCHXA," nXA",N1N,KO)

PROCESS LAST RMA.KMB

CALL RMPUT(TRFir,ADRMA(Kl),NrfORDS,RMA) 
CALL RMPlir(TRFIT,Al>kMB(IU),N,«ORDS,RMB) 
RETURN 
END

07125
07126
07127
07128
07129
07130
07131
07132
07133
07134
07135

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

64
65
76
83

103
lOb
114
116
iiy
125
129
136
148
169
163
229
241
248

I
I
I
I
1
I
I
I
I
I
I
I
1
I
I
I
I
I

CONSTANT TOO LONG.
CONSTANT TOO LONG.
CONIROL
CONTROL
CONTROL
CONfKOL
CONTKOL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CDNlKOL
CONTROL

VARIABLE
VARIABLE
VAKlAbLE
VAHI Abbb
VARIABLE
VAHlAbLt
VARI AbLE
VARIABbt
VARI At^E
VARIABLE
VARIABLE
VAKlAriLE
VARIABLE
VARIABLE
VAKI AttLb
\/ARIAOL.E

IN
IN
IN
IN
IN

IN

IN

IN

IN
IN
IN
IN

IN
IN
IN
IM

HIGH ORDER
HIGH UKDEK
COMMON
COMMON

COMMON

COMMON
COMM JN

COMMON
COMMON

COMMON
CO"M JN

COMMON

COMMON

COMMON
COMMON
COMM JN

COMMON

COMMON

OK
OR
OR
OK
OR
OR
OH
OR
OR
OK
OR
OR
OR
OR
OR
OK

DIGITS RETAINED, BUT SOME 
DIGITS RETAINED, BUT SOME
EOUIVALENCKD, OPTIMIZATION
EOUIVALENCED, OPTIMIZATION
EUUIVALENCEO, OPTIMIZATION
EUU1VALENCED, OPT1MlZAPI ON
EOU1VALEHCED, OPTIMISATION
EQUIVALENCE!), OPTIMIZATION
tvQUIVALKNCKD, OPTIMIZATION
hOUH/ALENCED, OPTIMIZATION
EOUIVALENCED, OPTIMIZATION
EGUIVALENCED, OPTIMIZATION
EOUIVALENCED, OPTIMIZATION
EUUIVALENCED, OPTIMIZATION
EUUiVALENCED, OPTIMIZATION
EGUIVALLNCED, OPTIMIZATION
EQUIVALENCE!), OPTIMIZATION
tUUIVALENCED, OPTIMIZATION

PRECISION LOST. 
PRECISION LOST.
MAY BE INHIBITED.
MAY BE INHIBITED.
MAY BE INHIBITED.
MAY BE INHIBITED,
MAY BE INHIBITED,
MAY tiE INHIBITED.
MAY BE INHIBITED,
MAY BE INHIBITED.
MAY BE INHIBITED.
MAY BE INHIBITED,
MAY BE INHIBITED.
MAY at. INHIBITED.
HAY BE INHIBITED.
MAY BE INHIBITED.
MAY BE INHIBITED.
MAY BE INHIBITED.
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10

20

25

30

35

40

45

50

55

SUBROUTINE NEWPER

REINITIALIZE FOR NEW CALCULATIONS

ENTRY POINT NE-PER CALLED FOR NEW PUMPING PERIOD
NEwSTH CALLED FOR NEW TIMESTEP
NEWiT CALLED FOR NEW ITERATION

LOGICAL NEwPFL

•CALL ALL COMMON BLOCK COMDECKS

DUMMY COMMON BLOCKS IN LEVEL 1 (SCM) AND LEVEL 2 (LCH).
THESE bLUCKS MUST APPt-AK IMMEDIATELY AFTER /LCMC/ IN MAIN PROGRAM,
AUD MUST PKECEDE ALL OTHER SCM AND LCM COMMON bLocKS.

LEVEL 2,FRSTDM2
COMKUU/FRSTL1C/FRSTDM1
COHMON/FRSTL2C/FRSTDM2

C.LOBAL PARAMETERS

INTEGER SCMI- L, TODAY ,ER FLAG, F I NLTS
LOGICAL 1 RACE, UStbCM,USEHMS,USEBIO,MFbOOO,MF 7000 
COMMON/GL»PRH/CLSUHE,hkFLAG ,FlNLfS,LCMF'L,SCMFL,VERBIG 
COMMO^/VOrTST/.LCPril, LC* EL , LCSTR , LCT , LCS , LCTR , LCTC , LCTK , LCLL,
1LCFL,I,CGL,LCV,LCX1,
2LCHOT,LCPERH,
3LClb,LCT|,H,LCSI, f LCZCB,LC«ATE,
4NVPN,NNPR,!JNPC,^NPL,NIOL,MwPR,NWPC,N*. PL, NWAL, TRACE, TOO AY 
COMMON/MF5IZK/USELCM, USER HS,USEBiU, KFbOO LI, MK 7000, NWDLCH,
1LCMPTRU50)

LOOP, ROrt, COLUMN, LAYER POINTERS 

COMMON/LOOPS/I, J,K,10, JO,KO,I1 ,J1,K1,I2,J2,K2 

TIME RELAXED SCALARS

COMHON/TSCAL/CDLT,DELT,l)ELTMl , DAYS, DAYSP, MRS, SMIN,SUM, SUMP, THAX, 
1YRS, YRSP

ITERATION AND TIME PARAMETERS

LOGICAL LiTSlP,LITPlS,MoALPR,CNVRG
COMMON/li'PARn/KP,NT,lT,NPER,MUMr,MODPR,MBALPR,ITMAX,ITMXl,NRHOP, 
lRriOP(20),wMAX,CNVKG,lTTS(^00),UAMP,LXTSIP,LITPIS

OPTION DEFINITIONS

LOGICAL «TAbl,E,KCHRG,TRLEAK,EQN3,EQN4

HEADINGS

INTEGER MEADNG,VNAME

07136
07137
07138
07139
07140
07141
07142
07143
07144
07145
07146 
0714? 
07140
07149
07150
07151
07152
07153
07154
07155
07156
07157
07158
07159
07160
07161
07162
07163
07164
07165 
07J6fc
07167
07168
07169
07170
07171
07172
07173
07174
07175
07176
07177
07178
07179
07180
07181
07182
07183
07184
U / 1 O J

07186
07167
07188
07189
07190
07191
07192
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60

70

75

80

100

lOb

110

COMMON/H0G/HEADNGU4) ,VNAME(2b) 

1/0 POINTERS

LOGICAL LOGROA,LOGRDB
INTEGER LFN(2) ,LOG(2 ) ,LFH(2).LOP(2),NBL(2),NXT(2)
COMMON/J OPT K/LFMA,LFNB, LUGRDA, LUGKOB, LFNTBK , LFMTBW , LI-'BOKA, LFBOFB, 

1 LO P A , LOPB , N ti L P A , N d [,P h , N X 1 A , N X X 8
K.Q'JlVAl,e:NCK(LFN,I,MA) , ILJG, LOGRDA) , (LFB,LFBOFA) , (LOP, LOP A) 
tUllIVA|jt;NCb;(NtJli,NbLHA),(NXT,NXrA)

1/0 FILES

INTEGER HUUMP,PAKlN,BAKaUT,PKFILF.,OHSFIL 
COMMUN/10FlLt;/riUUKP,Hc.TA,bAKIl«,bAKOUT,INFILE,PRFILE,OBSFIL

RECORD MANAGER FILE POINTERS

INTEGER TRFII.TRBUF 
COMHON/TKKlLE/TftFIT(3b),TRBUF(1000)

MASS STORAGE FILE POINTERS

COMMON/MSFILK/MSFITUb) , rtMSBUF ( 1 000 ) 
COMMON/MSauFrt/HRSKM,LASrRM,NXFER,SCMBUF(2000)
INTEGER URSRM 

RESTART POINTERS

LOGICAL SKLRF:S,KESTKT,RSRTPP,RSRTT;>,RSRTIT 
INTEGER OUTVSN 
COMMON/KSIPTR/St:LRES,RESIRl,RSRTPP,RSRrTS,RSRTIT,INVSN(2) ,

10UTVSNC2) 

LISTING/DUMP POINTERS

LOGICAL DrtPlT,UMPlS,DMPPP,DMPVAR,PHIDMP 
1,DMPRIV 
COMMON/DKPPTH/DMPIT,DMPTS,DMPPP,L)MPVAR,PHIDMP

1.DMPH1V

GRID SIZES

LEVEL 2,L>ELX,DELY,DFJLZ,DELXl,DELYl,DELZI,FACTX,FACTY,FACrZ 
COMMON/Uc.LXY2./UELA( lbO),DELY{150),UELZ(150) ,DELXI(150) ,DELYl(ibO) 

IDELZiC150),FACTX(lbO) , KACIY(lbO),KACTZ(150)

MASS BALANCE RATES

rriMuriM /CK« AT* /CFLL'X . r -"'fJ XC hl . ^ un ' , run') . VTFi.i\t. FI.IIX . FMIXS, FI.XN FLXP. 

lPUMP,PUHPCri,UKtFLX,STOH,SUMR,SUMl,SUM2
2.FLXR,FLXRN,FLXHP

MASS BALANCE VOLUMETRIC TOTALS

COMMON/CKVOLI/CFLUXT,CKXCHT,CKDT,CHST,ETFLXT,FLUXT,FLXNT,FLXPT, 
1PMPCHT,PUMPT,URET,STUKT

07193
07194
07195
07196
07197
07198
07199
07200
07201
07202
07203
07204
07205
07206
07207
07208
07209
07210
07211
07212
07213
07214 
0721b
07216
07217
07218
07219
07220
07221
07222
07223
07224
07225
07226
07227
07228
07229
07230
07231
07232
07233
07234
07235
07236
07237
07238
07239
07240
07241
07242
07243
07244
07245
07246
07247
07248
07249
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115

120

12b

130

135

140

145

150

155

160

165

170

-2,FLXRNT,F LXRPT 
3,TOTLl,TOfL2

MASS BALANCE - OTHER ARRAYS AND VARIABLES 

COMMON/CKAKHH/Ui'FLOw( 100) ,FKMCLAY(100) 

SPECIFIC VIELU AND SPECIFIC ST3RAGE

LEVEL 2,SY,SS
COMMON/SYSS/SYC150),SS(150)

COMPUTATIONAL INTERMEDIATE SCALARS

COMMON/C1SCAL/b,D,F,H,RHO,RHOI ,KH02,HHD3,SU,Z

MAXIMUM HEAD CHANGE POINTERS

INTEGER blGI,B!GJ,BlGK
FjEVEL 2,BIGI,B1GJ,R1GK,DLHDMX
COMMON/BlGl/bIG,BIGT,*
COMMON / til G2/ri IG 1(501) , BIG J ( 50 1 ) , Bl GK ( 501) ,OLHDMX(501)

SPECIF1ED-HEAD DATA

LEVEL 2 ,CHFLO«,FLEAK,IJKFLO 
COMMUN/CHDAn/MCrl,NCrtAVA,N3VCH,KTRFLO 
COMMON/CrtDAT2/CriFLO*( 4UO),FLEAK( 400),IJKFLO( 400,3)

LIST/MAP CUBES

INTEGER LORM.CUBDEF
LEVEL 2, !CUBKG,lCUfc.nD, J CUB EG, JCUEND, KCUBEG , KCUEND, l.ORM , XFPI ,YFPI, 

JCUBUc:F,COfUN'i ,HASt,V,PLCHAR
COHMnN/CUbfc.Sl/NCUBES,NPCri
COKHON/CUot:S2/lCUbEG(50),ICUENO(bO) , JCUBEIG(SO) , JCUEND(bO), 

1KC»B£G(50),KCUKND(SO),LORMfbO),XFPI(50),YFPI(bC),CUBDEF(50), 
2CONlUI(i>U),BASEV(bO),PLCHAR(4,20)

HYDROGRAPriS

LEVEL 2, 1HYD, JH YD , KriY D , TH YD , CONH YD, SCAH YD , HY. D , HINI T, TI NI T 
COMMON/riYGl/IJHGRAF,NTii
COMMON/MYG2/IHYU(10),JHYD(10),KHYD(10),THYD(100),CONHYD(10), 

lSCAH*D(10) r HYD(10,100),HlNIT(10),TlNIT

OBSERVED HYDRDGKAPH DATA

LEVEL 2,lriYDnb,NP10B,JHYDOB,KHYOUB,THYDOB,HYDOB 
CUMhUN/HYGUbl/WriGtiB
COMMON/riYG()rt2/ltiYDOB( 10),JHYDDB(10) , KH YDOB ( 1 0 ) , TH Y DOB 11 0 , 1 00 ) , 
lHYDOb(10,10U),NPTOB(10)

PUMPING DATA

LEVEL 2,IW, Jw,KW.,LOCWN,WELVAL 
LOGICAL WELZRO

07250
07251
07252
07253
07254
07255 
0725b
07257
07258
07259
07260
07261
07262
07263
07264
07265
07266
07267
07268
07269
07270
07271
07272
07273
07274
07275
07276
07277
07278
07279
07280
07261
07282
07283
07284
07285
07286
07287
07288
07289
07290
07291
07292
07293
07294
07295
07296
07297
07298
07299
07300
07301
07302
07303
07304
07305
07306

676



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

17b

180

185

190

195

200

205

210

215

220

225

COMMON/PMPDT1/N»/F.L,K-TRW,WFLZRO,OFAC(100)
COMMOtJ/PMPi>f2/J W( 10U),Jw(10U),K«(100),LOC*NnOO),*ELVAL(100) 
CUMMON/HlVK/NK,NkN,NTUT,NADD(20),NRC(20),US(20),kO(2U).KFLU*(200) 
lOMAA(i!00).KFLOw(*!UO).KJVt'.R(200),TO(200),VK,(2UO),lNDX(2,200),aR

2D BOTTOM AND PERMEABILITY 

CDMMON/HOTPRM/bUTTOM(1,1),PERM(1,1) 

RECHARGE

LEVEL 2»OKE 
CQMrtON/RECH/QREC 20, 20)

WATER SURFACE

LEVEL 2.WSUR 
COMMON/ftSURF/*SUR( 20, 20)

RIVERS

LEVEL 2,OKA 
COMMON/MVR2/ORA( 20, 20)

RECORD MANAGER BUFFERS FOR LEAKAGE FROM CONFINING BEDS

LEVEL 2,RMA,PHB
COMMON/TRAKY1/MODE
COMrtON/TRARY/RMA(4000),RMB(4000)

DUMMY COMMON BLOCKS IN LEVEL 1 (SCM) AND LEVEL 2 (LC«). 
THESE BLOCKS MUST APPEAR IMMEDIATELY BEFORE /L3STOR/ IN MAIN 
PROGRAM AND MUST FOLLOW ALL OTHER SCM AND LCM COMMON BLOCKS.

LEVEL 2,LASTUH2
COMrtON/LASTLlC/LASTDMl
COKMON/LASTL2C/LASTDM2

DEFINITION OF LCM LEVELJ VARIABLES. THIS MUST FOLLOW ALL LEVEL2.

LEVEL3,STrtLCM 
COMMON/L3SiOH/STRLCM(1)

LEVEL3,LASTDM3 
COMMON/LAST LC3/L.ASTDM3 
END OF LEVEL3 DEFHUT10NS

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEViiL 2,HXA,HXB,HXC
COMrtON/LCMA/HXA(8000)
COMMON/LCMrt/hXh(bOOO)
COMMUN/LCMC/HXCCHOOO) 
INTEGF-R HSG( 4) , COL , HO* , OTYPE 
LOGICAL FOUI;D,DONE

07307
07308
07309
07310
07311
07312
07313
07314
07315
07316
07317
07318
07319
07320
07321
07322
07323
07324
07325
07326
07327
07328
07329
07330
07331
07332
07333
07334
07335
07336
07337
07338
07339
07340
07341
07342
07343
07344
07345
07346
07347
07348
07349
07350
07351
07352
07353
07354
07355
07356
07357 
0735b
07359
07360
07361
07362
07363
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230

235

240

245

250

255

260

265

270

275

280

285

C DATA INPUT NAMELISTS FOR PUMPING PERIOD, WELLS
C

NAMELJST/iu:rtPP/KP,Nrth;L,TMAX,NUMT,CDLT,DELT
NAMKLlST/Nt.>VhLL/U,hUrt,COL,LAYEK,(JTYPE
NAMELIST/Nh.*KlV/Rli,NR
DATA 2KRU/0./

C

C
C ENTRY NEWPEK - CALLED FROM COMPUTE FOH NE* PUMPING PERIOD
C
C - ———————————————————————————————————————————————————— - ————

IF(TRACE)CALL PHCNT( "NEd PER" )
C
C SET FLAG FUR NE*PER
C

NEWPFL=.TRUE.
C
C SAVE DELT FROM PREVIOUS PUMPING PERIOD
C

NWEL=-1
TMAX=0.
NUMT=0
CDLT=0.
DELTM1=DELT
DELT=0.

C
C READ NEW PUMPING PERIOD PARAMETERS
C

READ(INFILE,NEWPP)
IF(KP.br.2)DEM'Ml = 1.0

C
C COMPUTE ACTUAL DELT AND NUMT
C

DT=DELT/24.
TM=0.0
LOOP=0

99999 IF(TM.GE.TMAX.OR.LOOP.GT.NUMT) GO TO 99998
DT=CDLT*UT
TM=TH+DT
LOOP=LOOP+1
GO TO 99999

99998 IF(. NOT. (LOOP. GT.NUMT)) GO TO 99996
TMAX=TM
GO TO 99997

99996 DELT=TMAX/TM*DELT
NUMT=LOOP

C
c PRINT TIME PARAMETERS FOR NEW PUMPING PERIOD
c
99997 rtRlTECPHMLE, 1 000 ) KP , TM AX , NUMT , DELT, CDLT
1000 FORMAT( M -" , boX, "PUMPING PERIOD NO . " , I 4 , " : " , Fl 0 . 2 , " DAYS"/

151X,3K( B -")//
253X, "NUMBER OK TIME STF.PS = " , I6/
359X,"DELT IN HOURS =",E12.5/
453X, "MULTIPLIER FOR DELT =",E12.5)

C

07364
07365
07366
07367
07368
07369
07370 

—— 07371

07372
07373
07374
C -i •% 1 1

07376
07377
07378
07379
07380
07381
07382
07383
07384
07385
07386
07387
07368
07389
07390
07391
07392
07393
07394
07395
07396
07397
07398
07399
07400
07401
07402
07403
07404
07405
07406
07407
07408
07410
07411
07413
07414
0741 K
07416
07417
07418
07419
07420
07421
07422
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290

295

300

305

310

315

320

325

330

335

340

CONVERT TO SECONDS

DELT=DKLT*3600. 
THAX=TMAX*Hb400.

REINITIALIZE WELL LOCATIONS AND RATES IF WELZRO IS TRUE

IFC.NOT.(KTRW.GT.O.AND.(WELZRO))) GO TO 99995
DO 99994 LOUP=l,KTRw
Kw(LOOP)=0
I*(LUf)P)=0
JW(LODP)=U

LOC*N(LOOP)=0
99994 CONTINUE

KTR*=0 
C 
C 
C
99995

READ WELL NAMELIST INPUT UNTIL ROW OR COL OR LAYER = 0 

, = MrfEL.EQ.O

ILE,1009) 
9999J IF(DONE) GO TO 99992 

QTYPE=100

COL = 0
LAYER=0
READ(INFiLE,NEhELL)
DONc=(RUK.EO.O).OR.(COL.EO.O).OR.(LAYER . EO . 0)
IF(.NUr.(.NOT.DONE)) GO TO 99991

ADJUST PUrfPAGE BY FACTOR FOR THIS TYPE OF WELL

LOOK FOR THIS WELL IN A NODE WITH EXISTING WELL

LOOP=1
FOUKD=. FALSE. 

99990 IF(FOUNt). OH. (LOOP.GT.KTRW) ) GO TO 99989
FOUND=(KO*.E(J.I*(LOOP) ) . AND .( COL. EU . JW ( LOOP) ) 
IF(.HOT.lFOUNi)) J GO TO 9998b

99988 IF( .NOT.KUUNO)LOOP=LOOP+1
GO TO 99990 

C 
C 
C
99989

C 
C 
C
99986

ADD THIS *ELL TO ACTIVE PUMPING NODE

IFC.NOT.(FOUND)) GO TO 99986 
*ELVAt,(LUUP)=*KLVAL(LUOP)+0/(DELX(COL)*DELY(ROW)) 
GO TO 999b7

ADD NEW WELL NODE TO TABLE

07423
07424
07425 
0742b
07427
07428
07429
07430
07431
07432
07433
07434
07435
07436
07437
07438
07440
07441
07442
07443
07444
07445
07446
07447
07448
07449
07450
07451
07452
07453
07454
07455
07456
07457
07458
07459
07460
07461
07462
07463
07464
07465
07466
07468
07469
07470
07471
07472
07473
07474
07475
07476
07477
07478
07480
07481
07482
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345

350

355

360

365

370

371

380

385

390

395

JW(KTR*)=COL 
*ELVAL(KTR«O=Q

ADJUST HUMPING FOR SIZE OF NODE
l/OON IS LOCATION UK PUMPING NODE RELATIVE TO NORTHWEST CORNER 

(1,1) OF LA*KR.

LOC«NlKTk*)=NNPR*(il-

? ','9 8 ? •;•;.'?:L = :•.".-.• EL+I
wRIIKCPKFILE,1001 ) N *EL , LAlfER , R J* , COL , 0 , QTlf PE , OFACC QTYPE)

1001 FORMATC1X,"«ILLL H ,14," ADDED IN LAYER",13, H ROW,13," COL",13, 
1" ADJUSTED a=",£12.5," OTlf PE = " , 1 3 , " UKAC=" , El 2 . 5)

99991 GO fO 99993
C
C PRINT SUMMARY OF ALL ACTIVE PUMPING NODES
C
99992 1F(.NOT.(KTRW.Gf.O)) GO TO 99984 

WRITECPRFILE,1002)KP
1002 FORMATC'l","SUMMARY OF PUMPING NODES AT BEGINNING OF PUMPING PERIO 

ID ",I4//
221X,"LAXfc.R RO* COL TOTAL PUSPAGE"/ 
321X,"———— —— —— - ———————————"/) 
DO 99983 LUOP=1,KTR*

JJ=J«(LOOP)

,b,1003)LUOP,KW(LOOP),II,JJ,WW
1003 FOkMAT(JOX,".*ELL",I4,3X,3I5,2A,E13.5) 

99963 CONTINUE
GO TO 99985 

99984 *RIfE(PRFILE,1004)KP
1004 FORMAr(/lX,"WO PUMPING MODES DEFINED AT BEGINNING OF PUMPING PERIO

ID ",13//) 
C
C DUMP WELL DATA IF DMPPP=.TRUE. 
C
9998b IF(DMPPP)CALL PRARY(HXA,KO,"WELL") 
C
C READ RIVER NAMELIST IF NR.GT.O 
C

1F(.NOT.(NR.GT.O)) GO TO 99981

WRITE(PHF1L£,100S)KP,(1I,RQ(II),II=1,NR)
FORMAT( M 1", "Nt-rt RIVER REACH DISCHARGE DATA AT BEGINNING 3F PUMPING 

1 PERIOD" , I4//21X , "STREAM DI SCrtARGE" /2 1 X , "—-•—- ..-. — .. _H/ 
2(20X,I5,3X,E10.3)/)
GO TO 99982

99981 *RITE(PKFiLE,1006)KP
lOOb FOI<MAT(/1X,"NO STREAMS DEFINEO AT BEGINNING QF PUMPING PERIOD",14) 

C
C INITIALISE POINTERS FUR FIRST TJMESTEP OF PUMPING PERIOD 
C
99982 SUMP=0. 

KT=0

07483
07484
07485
07466
07487
07468
07489
07490
07491
07492
07493
37495
07496
07497
07498
07500
07501
07502
07503
07504
07505
07506
07507
07508
07509
07510
07511
07512
07513
07514
07515
07516
07517 
07519 
0 7 S 2 0 
07521
07523
07524
07525
07526
07527 
0752B
07529
07530
07531
07532
07533
07534
07535
07536
07538
07539
07541
07542
07543
07544
07545
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400

40b

415

420

42S>

430

435

440

445

450

455

c 
c
c
c
c

c
c
r

c
c
c

99979
9998U

C
C
C

c
c
c

c
c
c
99978

99977

C
C
C
V.

99976

C 
C
C
C 
C

F1NLTS=0

ENTRY NEwSTP - CALLED FROM COMPUTE FOR NEW TIMESTEP

RNTKY NEWSTP
!F(TRACb)CALL HRENr("NE«STP")

INITIALIZE VARIABLES FOR NE* TIME STEP

KT=KT+1
1T=-1

INCREMENT TIKE

IF( .NOT. (KT.GT.l) ) GO TO 99979
OELTKJ=OELT
GO TO 99980
DELTM1=1.
UbLT=COLT*DELT
S U M = ij U M -f D E L T
SUKP=SUMP+DLLT

CONVERT TO UNITS FOR OUTPUT

OAYSP=SUMP/86400.
YHSP = UAYSeV365,
HRS = SUM/jt>00.
,S*«.rN = HRK*faO.
UAYS=HRS/24.
YKS=DAYS/^65.

COMPUTE TRANSIENT LEAKAGE COEFFICIENTS

IF( .NDT.(TRLEAK)) GO TO 99978
CALL CLAY

SAVE INITIAL TIKE IN SECONDS FOR HYDROGRAPHS

1F(. NOT. (KT.GT.l)) GO TO 99977
NTS = *lIrtO( NTS + 1,100)
THYI}(NTS)=SUM-OELT
1* (.NUT. (KP.LI.2.AND.KT.EQ.1)) GO TO 99976
TIMT = SUM-DELT

SET 1TS*=0 FOR NEW TIMESTEP
ITS«=1 FOR NEW ITERATIONS

I TSh' = 0
IF( .NOT.(ITSW.NE.O)) GO TO 99975

ENTRY NEhllT - CALLED FROM COMPUTE FOR NEW ITERATION

ENTRY NEKIT

07540 
————— 07547

07548
07549
07550 
07551
07552
07553
07554
07555
07S56
07557
07558
07559
07560
07561
07562
07562
07562
07563
07564
07565
07566
07567
07568
07569
07570
07571
07572
07573
07574
07575
07576
07577
0757B
07579
07580
07582
0758J
07584
07585
07586
07587
075B9
07590
07592
07593
07594
C ?!; ?5
07596
07597 

_ —— __ 07596

07599
07600
07601 

————— 07602
07603
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460

465

470

47b

480

4«b

490

495

500

505

510

99975 
C 
C 
C

ITSW=i
IF(TKACE)CALL PRENT( " ttEnl T" )

INCREMENT ITERATION COUNTER 

IT=IT+1

C CHECK SENSE SWITCH 6.
C PRINT ITKKATION/T1MESTEP SINCE BEGINNING OF SIMULATION IF ON,
C

CALL SSWTCH(o,ISW6)
I F ( . NOT . i i cifio . c,u . i ) t ou lu yyylt
ENCODE(40,1007,MSG)KP,KT,IT,81G,ZERO 

100? FORMAT("HP=",i3," 1S=",I3," IT=",13," BIG = ",El 0.3,A5)
CALL REMAHK(HSG)
DO 94973 LOOP=1,K1
ENCODE(40,iUOd,^SG)LOOP,ITTS(L30P),DLHDMX(LOOP),ZERO 

100« FORMAT( "'JSs 11 , 13, " ITS = ",I3," DLhDMX = " , E 1 0 . 3 , A8 )
CALL REMARKCMSG)

99973 CONTINUE
PAUSE "OPERATOR-PLEASE TURN OFFSWb, THEN GIVE GO. THANKS."

C 
C 
C 
C 
C 
C
99974

ITMAX IS MAXIMUM NUMttEK OF ITEKAT10NS ALLOWED PER TIMESTEP 
IT IS frit ACTUAL ITERATION NUMBER, BEGINNING AT ZERO.

NOlf.: If BEGIiMS AT 0, THERF.FOHE IHE 100TH ITERATION IS 
ACTUALLY IT NUMBER 99

IFC.NOT.(IT.GE.ITMAX)) GO TO 99971 
WRire:(PRFlLE,1009}"E<Gf.EDED PERMITTED NUMBER OF ITERATIONS." 

1009 FOHMATCIX,13A10) 
CAL". DUTPT 
GO TO 99972

C 
C 
C 
99971

99969
99970

RESET FLAGS AND SELECT ITERATION PARAMETER

1F( .NOT.(MOD(IT,NRHOP).EQ.O)) GO TO 99969
NTH = 1
GO TO 99970

'•'.'?:> 7

9996«
C
C
C

« = RriOP(NTH) 
DLHDMX(1T*1)=0. 
CNVRG=. FALSE. 
BIG=0.

REINITIALIZE WATER SURFACE ARRAY

DO 99968 ROW=1,IO 
DO 99y6/ COL=1,JO 
WSUK (RDW, COL)=0. 
C 0 ft T 1 N U E 
CONTINUE

WHEN LAST ITERATION WAS SIP NORMAL (SIP), PROCESS TOP TO BOTTOM

MLOUP=0
IF( .NOT.(LITSIP) ) GO TO 99965
CALL LUCLEV(KO)

07604
07606
07607
07608
07609
07610
07611 
07bl2
07613
07614
07615

07617
07618
07619
07620
07621 
07t>22
07623
07624
07625
07627
07628
07629
07630
07631
07632
07633
07634
07635 
07b36 
07637
07639
07640
07641
07642
07642
07642
07643
07644 
0764b
07646
07647
07648
07649
07650
07651
07652
07653 
m t. C 4

07655
07656
07657
07658
07659
07660
07661
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515

520

530

535

540

S45

550

555

560

565

570

CALL BUFIN(HXA,"HXA",N1N,KO) 

REINITIALIZE ALL LAYERS

999b4 If-(.NDT.lK.GE.l)) GO TO 99963

f 3)

BRANCH TO APPROPRIATE LOGIC

PROCESS HXC, BRING IN HXA BELO*

IF((0).NE.(MODML)) GO TO 99961
CALL HEINIT(HXC,"HXC",HXA,"HXA",K-l,LF*TN,NEWPFL,ITSW)

PROCESS HXA, BRING IN HXB BELOtf
C 
C 
C

GO TO 99962 
999ol IF(d).NE.CMOUML)) GO TO 99960

CALL REINlT(HXA,"HXA M ,MXB,"HXB M ,K-l,LFrfTN,NEWPFL,ITS»O 
C
C PROCESS HXB,BKI(MG IN HXC BELOW 
C

GO TO 99962 
99960 IF((2).NE.(MODhb>) GO TO 99959

CALL KElNlI(HXH,"HXB",HXC,"HXC M ,K-l,LF*TN,N£WPFL,ITSiO 
99959 CONTINUE 
99962 K=K-1

GO TO 99964
GO TO 9996699963

C
C
C
99965

C 
C 
C

••HEN LAST ITERATION WAS SIP REVERSE CPIS), PROCESS BOTTOM TO TOP

CALL LOCLEV(l)
CALL bUFlN(HXA,"HXA",NlN,l)

REINITIALIZE ALL LAYERS 

Krl
9995U IFC.NUT.CK.LE.KO)) GO TO 99957 

HLOOP=MLOUP-H 
MOl)ML = MOD(KLOOP f 3) 
LFWIN=1-NVPN

BRANCH TO APPROPRIATE LOGIC

PROCESS HXB, BRING IN HXA ABOVE

IF(CO).NE.(HODML)) GO TO 99955
CALL REiNni (HAh, H riXb H ,HXA, M HXA",K<l,LFWTN,NEWPFL,ITSK)

PROCESS HXA, BRING IN HXC ABOVE

07662
07663
07664
07665
07666
07667
07668
07669
07670
07671
07672 
u /e>73
07675
07676
07677
07678
07679
07681
07682
07683
07684
07684
07685
07687
07688
07689
07690
07690
07691
07693
07694
07695
07696
07697
07698
07699
07701
07702
07703
07704
07705
07706
07707
07708
07709
07710
07711
07712
07713 
C??lf:
07716
07717 
0771U 
07719
07721
07722
07723
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575

580

585

590

595

GO TO 99956 
99955 1FCU ) .HK. (MUDV.L) ) GO TO 99954

CALL RE1M1T(HXA,"HXA",HXC,"HXC",K+l,LF*TN,NErtPFL,1TSW) 
C
C PROCESS HXC, BRING IN HXB ABOVE 
C

GO TO 99956 
99954 1F{(2).NL.(MOUML)) GO TO 99953

CALL Kf:iNI'i(rtXC,"HXC",HXri, H HXb",K+l,LFHTN,NEWPKL,ITSlO
CONTINUE99953 

9995b

99957
C
C
C
999bb

99950
99951
99952
C
C
C
99972

GO TO 99958 
CONTINUE

DISTRIBUTE RIVKR LEAKAGE/FLOW

IF(.?IOT.(IT.LE.O) } GO TO 99952
IF( .NOT. Mrt.GT.lO) GO TO 99951
CALL RIVEKQ
IF(.NUT.CDfPRlV)) GO TO 99950
CALL PRAKlf (HXA, t), "RIVER", 0)
CONTINUE
CONTINUE
CONTINUE

RESET NEw PUMPING PERIOD FLAG BEFORE RETURNING

NE*'PFL=. FALSE. 
END

07724
07724
07725
07727
07728
07729
07730
07730
07731 
07733 
07 » j4
07735
07736
07737
07738
07739
07740
07741
07742
07743
07744
07746
07747
07748
07749
07750
07751
07752
07753

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

591 I ) ARGUMENT COUNT INCONSISTENT rtlTH PRIOR USAGE.

684



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

15

20

30

3b

40

45

55

SUBROUTINE PIS

REVERSE SIP ALGORITHM

LOOP ON LAYEHS FROM TOP (KO) TO BOTTOM (K=i)

GLOBAL PARAMETERS.

INTEGER 8CMFL,TUDAY,f;RFLAG,FINLTS
LOGICAL 1)KHCK,Ui>KiJ CM,USe;KMS,UbE:BIO,MFbOOO,MF7000

COH^UN/VljFi--Sl/l,CHHi,L,C>sEL,LCSrK,LCT,LCS,LCTR, LCTC , LCTK , LCEL, 
1LCFL,LCGI,,(,CV,LCX1, 
2LCROT,LCPt:KM,
3LCTL,LCri,K,LCSL,LCZCB,LCRATE, 
4Ni/PN,NNPK,nNPC,WMPL,NHAL,NwPrt,NwPC,NrtPL,NWAL,TRACE,TODAY

CUM MON/MF SIZE/US F.LCH,USe:RMS,JSEti.L>J,MFbOOO,MF7000,hwDLCM, 
ILCMPfR(lbO)

LOOP, ROW, COLUMN, LAYER POINTERS

COMMON /LOOPS/ I, J,K, 10, JO,KO, Jl, J1,K1 , 12, J2,K2

TIME RELATED SCALARS

COMMON /TSC A L/CDLT, DELT,DELTM1, DAYS, DAYS? , HRS , SMIN , SUM, SUMP, TM AX, 
1Y.RS, YRSP

ITERATION AND TIME PARAMETERS

LOGICAL LJTS1P,L1TPIS,MBALPR,CNVRG
COM"!UN/ITPAKM/KP,KT, I T , MPt-K , NUMT , MODPR , MBALPR , ITKAX , ITMX1,NRHOP, 

1H HOP (20) ,wMAX,CNVKG,lTrS(200),DAMP,LITSIP,LITPIS

I/O FILES

INTEGER HDUMP,HAKlN,BAKOUr,PRFILE,OBSFIL 
COMHUN/IOFILE/HDUMP,META,BAKIN,BAKOUT,1NFILE,PRFILE,OBSFIL

I/O POINTERS

LOGICAL LOGRDA,LOGRDfc
INTEGER LFN(?) ,LOG(2) , LFB ( 2 ) , LOP ( 2 ) , NBL ( 2) , NXT ( 2 )
COMmiN/10PTK/LI-NA,LFtJB,LOGKDA,LOGRDB,LFNTBR,LFNTBW,LFBOFA,LFBOFB ( 

!LOPA,LOPtl,f<tiLPA,NbLPB,NXrA,NXTB
EQUIVALENCE (LI- N,LF(JA),(LOG,LOGRDA), (LFB,LFBOFA) , (LOP, LOP A) 
EOUIVALENCE(NBL,NriLPA) , (NXT,NXTA)

OPTION DRFIMITTONS

LOGICAL «TAbLE,RCHPG,TRLEAK,EQN3,EON4 
COMMON/UPTuEF/hTAbLE,TRoEAK,RCriRG,EON3,EON4

GRID SIZES

LEVEL 2,DELX,DELy,DELZ,DELXI,DELYI,DELZI,FACTX,FACTY,FACrZ

07754
07755
07756
07757
07758
07759
07760
07761
07762
07763
07764
07765
07766
07767
07768
07769
07770
07771
07772
07773
07774
07775
07776
07777
07778
07779
07780
07781
07782
07783
07784
07785
07786
07787
07788
07789
07790
07791
07792
07793
07794
07795
07796
07797
07798
07799
07800 
0 7 B 01 
07802 
07B03 
07804 
07B05 
07806 
07B07
07808
07809
07810
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60

70

7b

80

85

90

100

105

110

COMMON /L>KLXYZ/I)ELX( ISO) ,OELY(150),DELZ(150),DELXI(lbO),DELYIC150), 
1DELZH IblU ,(• ACTX(ISO) ,FACT*(150) , FACT2U50)

COMPUTATIONAL INTERMEDIATE SCALARS 

COMflUN/ClSCAL/H,0,F,ri,RHO,HH01 f RHO?,RHD3,SU,Z 

SPECIFIC YIELD AND SPECIFIC STORAGE

LEVEL 2,SY,SS 
COMMON/SYSS/SY(150),SS(150)

MAXIMUM HEAD CHANGE POINTERS

INTEGER HiGl,bIGJ,BIGK 
LEVEL 2,hlGI,bIGJ,blGK,DLHDNX 
COMMnN/blGl/HlG,blGT,i»
COMMOf«/rU<J2/hI(;i(b01),BIGJ(501),BIGK(501),DLHDMX(50i)
COMMON/KIVH/\K,NRf<,NTUT, t»AI)D(2U),NKC(20),(JSC20),RQ(?0),KFLO»((200), 
10MAX(2UO),KFLUi»(20U),KiVEk(200),TO(200),VK(20U),INDX(2,200),QR

2D BOTTOM ANO PEKMEABILITY 

COMHON/BOTPKM/BOTTOM(1,1),PERM(1,1) 

RECHARGE

LEVEL 2,ORE 
COMMON/KECH/OHEC 20, 20)

WATER SURFACE

LEVEL 2,XSUR 
CDMMON/rfSUKF/WSUR( 20, 20)

RIVERS

LEVEL 2,URA
COMMON/KJVR2/UKA( 20, 20)

CYHF.R-176 LCH LEVEL-2 ARRAY DEFINITIONS

LEVEL 2,HXA,HXb,HXC 
CUMMON/LCMA/HXAC8000) 
COMMON/LCHB/riXB(8000) 
COMMONXbCMC/riXCCbOOO) 
IF(TRACE)CALL FHENT("FIS")

LOAD TOP (KO) INTO LC«B, KO-1 INTO LCKC, KO-2 INTO LCHA

CAf.L LOCLEV(KO)
CALL rillFJLN(flXH,'I HXB ll ,NIN,KO)
CALL, LOCLEV(KO-i)
CALL riUFJ«(MXC, M HXC H ,NIN,KO-l) 
CALL LOCLtV(KO-2)
CALL HUKIN(HXA,"HXA" ,MN,KO-2)

07811 
07U12
07813
07814
07815 
07»16
07817
07818
07819
07820
07821
07822 
07B23 
07«24 
07&25 
07B26
07827
07828
07829 
07B30 
07831

07833
07834 
0783b
07836
07837
07838
07839 
07t40
07841
07842 
07»43
07844
07845
07846
07847 
0784U 
07649 
07850 
07B51 
07«52 
07«53
07854
07855
07856
07857 
07658 
07859 
^7860
07861
07862
07863
07864
07865
07866
07867
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LOOP FOR K=KO,1 - TUP TO BOTTOM

120

125

130

135

140

145

150

ISb

160

165

170

MLOOP=O
K = KO

99999 1F(.NOT.(K.GK.l)) GO TO 99998 
MLOOP=MLOOP-U

C 
C
c 
c 
c 
c

BRANCH 1U APPROPRIATE LOGIC

LCMA IS MlUDLt LAYtK

IF((O).NK.(MODML)) GO TO 99996 
CALL LOCLEV(K-t)
CALL. BUKUUT(HXH,"HXB",NOU'f,K+2) 
CALL BUKIMCKXB,"HXB B ,NIN,K-I)
CALL P1SA1 

C
C LCMB IS MIDDLE LAYER 
C

GO TO 99997 
9999t> IFC(l) .NE.(MODML)) GO TO 99995

IFC.HCir. (N.NK.KO) ) GO TO 99994
CALL LOCLEV(h-l)
CALL »UKiJUT(riXC,"HXC",NOUr,K + 2)
CALL HUKlNCriXC, " HXC" ,-^ I N , K-1 )
CALL PISB1

LCMC IS PIDDLE LAYER

99994 
C 
C 
C

GO TO 99997
99995 IFC(2).UE.(MODML)) GO TO 99993 

1F( .NOI. (r\.NF..Nl)) GO TO 99992 
CALL LOCLtVCK-l)
CALL BUFOUT(HXA,"HXA",NDUr,K+2) 
CALL BUF 1N(HXA,"HXA",NlN,K-l)

99992 CALL PISC1
99993 CONTINUE 
99997 K=K~1

GO TO 99999 
C 
C 
C 
9999H

STOKE REMAINING LAYEKS IN MASS STORAGE

DO 99991 LOOP=1,2
MLOOP=MLOUP+1
MODHL = KOIJ(MLOOP, 3)
IF((O).NE.IMUDML)) GO TO 99999
CALL bUFuuTCHXH,"HXB",Nour,3-LOOP)

99989 1F{(i).NE.(MODML)) GO TO 99988
CALL HUI-UUTCHXC, H Hxc",wouT,3-LOOP)
GO TO 99990 

999faB H ((2).NK.(MODML)) GO TO 99987
CALL BUFOUTCHXA,"HXA",NOUr,3-LOOP) 

999BV CONTINUE
99990 CONTINUE

07868
07869 
07«70
07871
07872
07873

07875
07876
07877

07880
07881
07882
07883
07884
07885
07886
07888
07889
07890
07891
07891
07892
07893
07894
07895
07897
07899
07900
07901
07902
07902
07903
07904
07905
07906
07908
07910
07911
07912
07913
07914
07915
07916
07917
07918
07920
07921 
v»»23
07923
07924
07926
07926
07927 
07^29 
07930
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94991 CONTINUE
IF( .NOT. (USEBIO) ) GO TO 99986 

C
175

180

185

190

195

200

205

210

215

220

225

POSITION F1LF.S AND HEStT FILE POINTERS

CALL BUKtOK(LFNTBH)
CALL BUr'Nc.w( LFhTfiW)
CALL BUKKtL*(LFNXBR)

C 
C 
C 
C 
C 
C 
C 
99986

LFNTBR = I rt>PF

FILES NOrt POSITIONED FOR PROCESSING

BACK SUBSTITUTE - bOTTOn (K=l) 10 TOP (K=KO)
HOTTOM 3 LAiEKS ARE ALKEADY IN LCM -- DO NOT NEED TO RELDAD

= MLOOP-f 1
K =

99985 1F(.NOT.(K.LE.KO)) GO 10 99984 
HLOOP=MLOOH-1 
KODML=MOU(MLOOP,3)

BRANCH TO APPKOPKIATE LOGIC

LCHb IS MilJDLE LAYEK

1F((0).NE.(MOOML)) GO TO 99982 
JK(.NOT.(K.GT.?)) GO TO 99981 
CALL LOCLEV(K+1)
CALL BUFOUT(tUA,"HXA B ,NOUT f K-2) 
CALL rtUKHUriXA, "HXA" ,Nl^,K-f 1) 
CALL P1SH2

LCMC IS MIDDLE LAYER

99981 
C 
C 
C

GO TO 99983 
9998'/! IF( (1 ) .NK. (MODML)) GO TO 99980

1F(.UJT.(K.GT.2)) GO TO 99979
CALL LOCLEVCK-UJ
CALL bUKOUTCrtXH,"HXB",NOUT,K-2)
CALL BUKIN(hXB, M riXli",NlN,K + l )
CALL HISC2

LCMA IS hlUDLE LAYER

99979 
C 
C 
C

GO TO 999b3
99980 1F((?).NE.(MUDML)) GO 10 99978 

IFC.NOT.(K.GT.2)) GO 10 999// 
CALL LOCL£V(K-H)
CALL riUFuoi(HXc, H HXC",Nouf f K-2)
CALL BUKIMHXC,"HXC",H1N,K-H) 

99977 CALL PISA2 
99y?8 CONTINUE 
99983 K=K+1

07930
07931
07932
07933
07934
07935
07936
07937
07938
07939
07940
07941
07942
07943
07945
07946
07947
07948
07949
07950
07951
07952
07953
07954
07955
07956 
07958 
U7959
07960
07961
07962
07963
07964
07965
07967
07969
07970
07971
07972
07972
07973
07974
07975
07976
07978
07980
07981
07982
07983 
07983 
u / ?84
07985
07986
07987 
07989 
07991 
0/992
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230

235

GO TO 99985 
C
C STORE TOP TwO LAYERS IN MASS STORAGE
C
999H4 CALL rtUFUUT(HXC,"HXC",NOUT,KO-1) 

CALL rttJFUUTC hXri, "MXH" , NOUT,KO) 
1F( .NUT. (USErtlO) ) GO TO 9997t>

245

250

POSITION FILES AND RESET FILE POINTERS

CALL tJUFEJF(LFNTBrt)
CALL BUFKEW(LFNTBwj
CALL hUKKE«(LFNrd«)

LFNTBR=ITEMPF

FILES NO*' POSITIONED FOR PROCESSING

ITERATION HAS CONVERGED rthEN BIG.LE.CLSURE

C 
C 
C 
C 
C 
C 
99976 CNVRG=BIG.LE.CLSURE

DLHUMX(IT-H)=BIGT
RETURN
END

07993
07994
07995
07996
07997 
0799H
07999
08000
08001
08002
08003
08004
08005 
OBOOb
08007
08008
08009
08010
08011
08013
08014
08015
08016
08017
08018
08019
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10

15

20

2b

30

35

40

45

50

55

SUBROUTINE PISBl

PIS WITH COMMON 7t>L2b - FORWARD SUBSTITUTION

TOP LAYER IN LCMA, MIDDLE IN LCMB, BOTTOM IN LCMC

GLOBAL PARAMETERS

INTEGER SCMFL,TOUAY,EKKLiAG,FlNLTS
•-OG1CAL lKftC-:.iiS""LCM.ii<t--WMS,ll.S?hlU t MFbOOO,KF7000
CUMM rJN/(;L6PR«'/CLSURfc;,tRKLAG,FlHLTS,LCMFL,SCMFL,VEKBIG
CriMMON/vOr rST/l,CPHI,LC*£U,LCiTK,LCT,LCS,LCTK,LCTC,LCTK,LCEL,

1LCFL, LCGL,LCV,bCXI,
2LCBOT,LCPERM,
jLCTL.,LCn^,LCSl,,LCZCB.LCRATE,
4N V PN, NNl-K, UN PC, NNPL.NNAL,NWPR,NWPC,NrfPL,N«KAL, TRACE, TODAY 
COMMON/MKS12K/lJ;iE.bCM,USt;RMS,USEbIG,MFoOOO,MF7000,NWDLCM,
1LCMPTRC150)

LOOP, RUrf, COLUMN, LAYER POINTERS

COMMON /LOOPS/ 1, J,K,IO, JO , KO , 1 1 , J 1 , K 1 , I 2 , J2 , K2

TIME RELATED SCALARS

COMMON /TSCAL/CDLT,DtLT,DELTM 1,1) AYS, DA YSP,HRS , G«I N , SUM , SUMP , TM AX , 
1YRS, YRSP

ITERATION AND TIKE PARAMETERS

LOGICAL LITSIP,LITPIS,MHALPR,CNVRG
COMMON/ 1 1 PAKM/KP, M , IT, NPEK, NU MT , KOOPR , MBALPR , 1TMAX , IT MX 1 , NRHOP , 

,wK AX, CN VKG, 1 TTSC 200), DAMP, LITS1P,L1IPIS

I/O FILES

INTEGER HDUMP,BAKlN,bAKOUT,PRFILE,OBSFIL 
COMMON/luKlLE/HDUMP,META,BAKIN,BAKOUT,INFILE,PRFILE,DBSFIL

1/0 POINTERS

LOGICAL LOGRl)A,LOGRDB
INTLGEK LFN(2) , LOG(2) ,LFri(2),LOP(2),NbLC2),NXT(2)
COMMQN/10PrH/LFNA,LFNB, L JGRD A , LDGR DB , LFN TBR , Ll-'NTBh , LFBOF A , LFBOFB , 
lLOPA,LnPu,NBLPA,NBLPB,NXTA,NXT»
eaUH/ALh'iCF. (LFN,LF(4A) , (LJG,LOGH[)A) , (LFB,LFBOFA) , (LOP.LDPA) 
EJUlVALc,NCt(iJiiL,NtiL,PA),(NXT,NXTA)

OPTION DEFINITIONS

LOGICAL wrAMLE,KCHRG,Tf<LEAK,KUN3,tON4 
COMMOlJ/OPrDEF/^XAbLE,TRLEAK,RCriRG,EUN3,EON4

GRID SIZES

LEVEL 2,L)EUX,l)t;LY,OELZ,DELXI,Ufc:LYl,DELZI,FACTX,FACTY,FACrZ

08020
08021 
OB022
08023
08024
08025
08026
08027 
08U28 
0802V
08030
08031 
OB032
08033
08034 
OH035
08036
08037 
OR038
08039
08040
08041
08042
08043
08044
08045 
06046 
OC047
08048
08049 
OBObO
08051
08052
08053
08054 
Ob'055
08056
08057
08058
08059
08060
08061 
08U62
08063
08064
08065 
0606b
08067
08068 
v o 069 
08070 
OB071
08072
08073
08074
08075 
0807b
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60

65

70

75

60

85

90

100

105

110

COMMON/DELXYZ/I>ELX(150) ,OELY(ISO) ,OELZC150).DELXIt150) ,DELYI(150), 
1UEL21C15U), KACTX(lbU),KACTY(lbO), hACfZdSO)

COMPUTATIONAL 1NTERMF.DIATE SCALAHS 

COMMON/CISCAL/B,D,F,H,kHQ,RHUl,RH02,KH03,SU,Z 

SPECIFIC YIELD AND SPECIFIC STORAGE

LEVEL 2,SY,SS 
COMMUN/SYSS/.'sYf 1 50) c<:(ii;o)

MAXIMUM HEAD CHANGE POINTERS

INTEGER bUGI,B!GJ,BIGK 
LEVEL 2,BIG1,BIGJ,H1GK,DLHDMX 
COMMON/bIGl/HlG,BIGT,rt
COKMON/riivJ2/t}I<., i(b01),BlGJ(b01),BlGK(501),DLHDMX(b01) 
CUMMUN/KlVR/NK,NRN,NTOT,NADD(20),NHC(20),US(20),Ru(20), KFLOW(200), 

10MAX(200),KFLOw(200),KlV£R(200),rQ(200),VK(200),lNDXC2,200),3K

2D BOTTOM AND PERMEABILITY 

COMMON/dUTPRM/bOTTOMCl,l),PERM(l,l) 

RECHARGE

LEVEL 2,ORE 
COMMON/RECH/GREC 20, 20)

WATER SURFACE

LEVEL 2,*.SUR 
COMMON/rfSURF/rfSURC 20, 20)

RIVERS

LEVEL 2,QRA 
COMMON/K1VK2/QKA( 20, 20)

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2,HXA,HXB,HXC 
COMMC)N/LCHA/HXA(BOOO) 
COMMCIN/LCMH/HXH(«000) 
COM10N/LC«C/HXC(&000) 
INTEGER ROw,COL 
LOGICAL TOPMST

IF(TRACE)CALL PRENT("PISB1")

LOOP FROM 1,NNPL - SKIP FIRST * LAST NODE OF EACH ROW * EACH COL.

GRID LOOP IS COLS wEST TO EAST
KO*S SOUTH TO NORTH 
LAYERS TOP TO BOTTOM

08077
08078 
OB079 
08080 
08061 
06082
08083
08084 
OB085 
08086 
09087
08088
08089
08090
08091
08092
08093
08094
08095
08096
08097
08098
08099 
OB100
08101
08102
08103
08104
08105
08106
08107
08108
08109
08110
08111
08112
08113
08114
08115
08116
08117
08118 
OH1 19
08120
08121
08122
08123
08124 
C 2 1 ""5
08126
08127
08128
08129
08130
08131 
OU132 
0813J
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lib

120

125

130

135

140

145

150

155

160

165

170

NEHU=NNPL-2+NHPR 
LFWfN=N*HL-2*fcWP
DO y<*9yy L,UOP =

LOCATION IN HX OF FIRST WORD OF THIS NODE - SKIP 1ST + LAST COL

LFWl'N = L
COL = rtOI){ LUUP, NNPR)
1F( .NOT. (CUL.NK.l ) ) GO TO 99998
IF( .NOT. (COL.KU.O) ) GO fO <>9996

RESET FOh NEXT R0« NORTH

GO TO 99997

SKIP IF OUTS1DK AQUIFER
C 
C 
C
99996 IF( .NOT. (HXB(LFWTN+LCT) . NE.0..AND.HXB(LFWTN + LCS) .GE.U.)) GO TO 999

195 
C 
C CALCULATE COEFFICIENTS D,F,B,H,SU,Z,RHO,OR

ROw=LFWlN/NWPR+l

INDEXES

ILTC=LF«TN*LCTC

NORTH

B = HXB(lLTC-NWPk)«-DELYI(ROW)

EAST

F=HXHCILTR)*DELXI(COL)

SOUTH

H = HXH(ILTC)*DELlfI(ROW)

WEST

D=HXB(ILTK-NVPN)*DFLXI(COL)

UP

SU = 0.
IF(.NOT.(K.NE.hO» GO TO 99994
SU=riXb(lLTK)

08134
08135
08136
08137 
OBI ?8 
OB139 
0«140
08141
08142
08143 
0"144
08145
08146
08147
08148
08150
08151 
06152 
OH153
08153
08154
08155
08156
08157

DOWN

08159
08160
08161
08162
08163
08164
08165
08166
08167
08168
08169
08170
08171
08172
08173
08174
08175
08176
08177
08178
08179
08180 
08161 
osi R?
08183
08184
08185
08186
08187 
OKI 89
08190
08191
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175

180

185

190

195

200

205

210

215

220

225

Z=Z*DELZI(K)

STORAGE

99994 Z=0.
1F( .NOT. CK.NE.l)) GO TO 99993 
Z=HXC( 1LTK)

C
c
C
c 
c 
c
99993

CALCULATE HHO FUR NUDE FOR CONFINED, FOR WATER TABLE AND FOR NODE 
CHANGING FROM ONE TO THE OTHER.

SUHS=0.
OLL>=HXB(LFwrNt-l,CPriI)-HXB(LFrfrN + LCXI) 
IF( .NOT. C .NOT.wTABLE)) GO TO 99991 
RHO=hXf5(LF«TN-H,CS)/DELT 
GO TO 99992

WATER TABLE - TOP LAYER

99991 IF( .NOT.(K.ECI.KO) ) GO TO 99989 
RHO=SyCK)/D£LT 
GO TO 99990

C
C
c
99989

WATER TABLE - INTERIOR LAYERS

PHJ=HXB(LF«TNtl,CPHI) 
TOP=HXb(LFwTN+LCBOT)+DELZ(K)
IF(.NOT.(ObU.GK.TUP.AUD.PHI.GE.TOP)) GO TO 99987 
RriO = KXB(L.r w IN + LCS)/DEl»I 
GO TO 999tfK

99987 IF(.NOT.(ULD.LE.TOP.AND.PHI.LE.TOP)) GO TO 99985 
RrtO=Sy(K)/DtLT 
GO TO 99986 
1F(.NOT.(ObD.LE.PHI)) GO TO 9998399985 

C 
C 
C

c 
c 
c
99983

RISING WATER LEVEL

SU6S=(SUK)-HXB(LFWTN+LCS))/DELT*( OLD-TOP)
KHO=HXB(LFKTN+LCS)/DELT
GO TO 99984

FALLING WATER LEVEL

SUBS=(HXF4(LFWTN + LCS)-SY(K))/DELT*( OLD-TOP) 
RHO=Sy(K)/UELT 
CONTINUE 
CONTINUE 
CONTINUE 

99990 CONTINUE

99984 
y998b

C
c
99992

RECHARGE

TOPMST=CK.EU.KO)
IF( .N'JT.( .NOf.TUPMST) ) GO TO 99982 
TOPMSI=lHXA(LF*rNt-LCT) . EU . 0 ) 

999«2 IFC.HOT.CTUPMST)) GU TO 99981

OB192
08193
08194
08195
08196
08198
08199
06200
08201
08202 
r> a •> o 3
08204
08205
08206
08207
08208
08210
08211
08212
08213
08214
08215
08217
08218
08219
08220
08221
08222 
0«223 
08224
08226
08227
08228
08230
08231
08232
08233
08234
08235
08236
08238
08239
08240
08241
08242
08244
08245
08246
08247 
nu->4»
06249
08250
08251
08252
08253
08254
06256
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IFCKCHRT, )OK =
230

235

240

245

250

255

260

265

270

275

280

285

SIP KF.VEkSfc ALGORITHM - FORWARD SUBSTITUTE, COMPUTING INTERMEDIATE 
VECTOR V

F=-B-D-F-H-SU-Z-RHO
1FC.NOT. ( Ihbt-'.AK)) GO TO 99980
JF((1).NK.(K>) GO TO 99978

C 
C 
C 
C 
9998J

GO TO 99V 79 
99978 1F((KO) .Nt.(K) ) GO TO V9977

99977
99979
99980

GO TO 99979 
E = t-HX'BlbK* 
CONTINUE 
lMl=bF*T 
JPl=LFhTN*N«(PR

C=BL*HXH( 
G=CL*KXb 
«U=CL*HXb( JM1+LCGL)

SKIP TOP LAKEK

IF(. NOT. (K.HE. NO) ) GO TO 99975

= AI,*HXA( LF rtfN+LCEL) 
U = AL»HXA(L,K*TH+LCFL)

-CL'HXHCJHl+bCEL)

i(XB(bFwrNtbCFb)=UbI*(b-*«(G+rU))

ZPH1=0.
IFCK.NE.l )ZPHl=Z*riXC(bF*TN+bCPHI)

DAMPE I RES by DAMP FACTOR

1 -Cb»HXh( JMl+bCV)) 
GO TO 99976

082S7 
08256
08260
08261
08262
08263
08264
08265
08267
08267 
08?68
08268 
082t>8 
06269 
08269
08271
08272
08273
08274
08275 
OH276 
08277 
0827fe
08279
08280
08281
08282
08283
08284
08285 
082C6 
082S7 
08288 
08269
08290
08291
08292
08293
08294
08295
08296
08297
08298
08299 
08JOO 
08301 
0630?
08303
08304
08305
08306
08307
08303
08309
08310
0831 1
08313
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C 
C 
99975

TOP LAYEK ONLY

290

295

300

305

310

315

ZPHI=0.

C
C
C
99976
99995
99997
9999H

RES=-B*HXB( 1^1+LCPH1)-D»HXBC J« 1 +LCPHI ) -E*KX B ( LFWTN^LCPHI )
1 -K»riXb(JPltbCPHl)-ri*HXB(IPl+LCPHl)-RHU*ULD
2 -HXtitLf n/TN + LCwED-ZPrtl-QR
3 -SUHS 

IFCTKLtAN)HES=KES-HXBCLF*TN+LCSL)

DAMPEN RES Blf DAMP FACTOR

RES=DA«P*KES 
HXB(LKwTN*LCV)=DLI*(H£S-Bb*HXb(IPl*LCV)-CL*HXB( JMl-fLCV})

END OF MAIN LOOP

CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
KETUKN
END

08314
08315 
0*316 
06J17 
08318 
OB319
08320
08321
08322
08323
08374
06325

08327 
0832H
08329
08330
08331
06332
08333
08334
08335 
OUJ36
08337
08338 
OB340
08341
08342 
OP343
08343
08344 
0*345
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10

20

25

30

35

40

45

50

55

SUBROUTINE PISB2

PIS WITH COMMON 76L2B - BACKWARD SUBSTITUTION

TOP LAYER IN LCMA, MIDDLE Itt LCMB, BOTTOM IN LC«C

GLOBAL, PARAMETERS

INTEGER SCMFL,IODAY,ERFLAG,FINLTS
LOGICAL Ti<ACE,USKLCM,USfc:KMS,USfc.biO,MF6000,MF7000

COMMON /(/OFF 'ST/LCPril , LCwEL , LCSTK , LCT , LCS , LCTR , LCTC, LCTK , LCEL , 
1LCKL,LCGL,LCV,LCX1, 
2LCHOT, LCVEKH,
3LCriJ ,LCfi.^.LCSL,l J CZCB,LCRATE, 
4tvVPN,iVNPk,N;NPC,NNPL,lMNAL,NWPR,NwPC,NrfPL,Ni«iAL,TRACE,TDDAY

COMMON/MKS12,E/IJSF:uCK,USERMS,USh:blO,MF6000,MF7000,NrfDLCK, 
1L,CMPTR(150)

LOOP, ROfc, COLUMN, LAYEK POINTERS

COMMON /LOOPS/ I ,J,K,10,JO,KO,11,J1,K1,I2,J2,K2

ITERATION AND TIME PARAMETERS

LOGICAL HTS1P,LITPIS,M8ALPR,CNVRG
COMHON/lTPAKM/Kf,M,lT,wPEK,NU4T,MODPR,MBALPR,lTMAX,ITMXl,NRHOP, 

lKtlOP(^0),WMAX,CNVRG,irTS(200),DAMP,LITSlP,LITPlS

GRID SIZES

LEVKL 2,DELX,DKLY,DELZ,DELXl,DELYI,DELZl,FACTX,FACTY,FACrZ 
COMMON /DKLXYZ/DtLXC 150),DELY(lbO),DELZ(150),DELXl(150),DELYI(150). 
!Ufc.LZI(lbOJ,KACTX(lbO)^ ACT Y ( 1 50) , F ACTZ Cl 50 )

MAXIMUM HEAD CHANGE POINTERS

INTEGER bIGi,BIGJ,B!GK
LEVEL 2,HlGl,olGJ,BIGK,DLHDMX
COMMON /hlGl/HIG,bIGT,«
COMMON /hi G2 /BIG! ( bO 1 ), BIG J ( 50 l),BIGh( 501 ),DLHDMX( 501)

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2,HXA,HXB,HXC 
CDMWOM/LCMA/HXA(8000) 
COMMON/L,C^U/HXH(8000) 
COMrtUfJ/LC«C/HXCCBOOO)

CUb

IF(TRACE)CALL PRENT ( "PI SB2" )

LOOP FROM 1,NNPL - SKIP 1ST AND LAST NODE OF EACH ROW * COLUMN

GRID LOOP IS LAYERS BOTTOM TO 10P 
COLUMNS EAST TO WEST

08346
08347
00348
08349
08350
08351
08352
08353
08354
08355
08356
08357
08358
08359
08360
08361
08362
08363
08364
08365
08366
08367
08368
08369
08370
08371
08372
08373
08374
08375
08376
08377
08378
08379
08380
08381
08382
08383
08384
08385
08386
08387 
OB38«
08389
08390
08391
08392 
0«393 
08394

08396 
OB397
08398
08399
08400
08401
08402
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RO*S NORTH TO SOUTH

60

65

70

75

80

85

90

100

105

C 
C 
C
99996 

1
C 
C 
C

ijUOFzl , Nlir 
LFWIr. = ljK« l'N-N VPN 
COL=MOD(LOUP,NNPR) 
JF( .NUT.(COL.NK.1)) GO TO 99998 
1F( .NOT.CCUL.EU.O) ) GO TO 99996

RESET POINTER FOR fcNL) OF ROW

LFwTN=LFWfN+2*NWPR 
GO TO 99997

SKIP IF NODE OUTSIDE AJUIFER C T = 0 )

1F( .NOT. IriXtHLFk'TNtLCT) .NE.O. . AND. HXB ( LFXTN+LCS ) .GE.O.)) GO TO 999 
I9b

SET CORRECT COLUMN NUMBER

1F(.HOI . (K.fJE.l)) GO TO 99993

GO TO 99994 
99993 GLV=0. 
09994

SAVE LARGEST HEAD CHANGE

TCHK=ABS(HXB(1LV))
IKt.MDT.(ICHK.Gf.BIG)) GO TO 99992
bIGl(iri)=LFwTN/NwPR4-l
B1GJ(1T1)=COL
SlGKCITl)=K
6IG=TCHK
B1GT=HXB(1LV)

ADJUST PHI
C 
C 
C
99992

99995 CONTINUE
99997 CONTINUE
99998

OB403
08404
08405
08406
08407 
OB408 
08409 
0841U 
08411 
03412 
OB413

RETURN 
END

08415
08416 
OS417 
OU419
08420
08421
08422
08422
08423
08424
08425
08426
08427
08428 
OB428 
08428 
OB429 
08430 
06431
08432
08433
06434
08435
08436
08437
08438
08439
08440
08441
06443
08444
08445
06446
08447
08449
08450
08451 
? 9 ". 5 1 
OB452 
08453
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10

15

20

25

30

35

40

4b

c
c
c
c
c
c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

SUBROUTINE PISC1

PIS WITH COMMON 76L2C - FORWARD SUBSTITUTION

TOP LAYER IN LCMB, MIDDLE IN LCMC, BOTTOM IN LCMA

GLOBAL PARAMETERS

INTEGER SCMFL, TODAY , KKFLAG , FINLTS
LOGICAL lKACE,USLbCM.USEKMS.USt:8]0,MF6000,MF7000
COMMON /GLtfPP* /C Li,U Kt, KHFLAG, F1ULTS, LCMFL, SCMFL, VERB I G
COMrtON/VOt-FST/LCPKI,L(>t;b,LCSrR,LCT r LCS,LCTk,L,CTC,LCTK,LCEL,
1LCFL,LCGL,LCV,LCXI,
2LCHOT,LCPEHM,
JLCTL,LCrL,K,LCSL,LCZCH,LCRATE,
4 'J V P \ NdPR NNPC NNPL NNAL NwPR NtoPC Ni^PI NV*AL TRACE TODAY
COM MON/MhSlZE/USLLCM, USER MS,USbB10,MF 6000, MF 7000, NWDLCM,
lLCMPTtU150)

LOOP, ROW, COLUMN, LAYER POINTERS

COMMON/LOOPS/I, J,K,10, JO,KO,I1, J1,K1 ,12, J2,K2

TIME RELATED SCALARS

COMMON/TSCAL/CDLT, UK.L I , DELTM 1 , DAYS, DA YSP,HRS, SKIN, SUM, SUMP, TM AX,
1YRS,YRSP

ITKRftTJON AND TIME PARAMF.fFRS

LOGICAL LITSIP,LITP1S,MBALPR,CNVRG
CJMMON/nPAkM./KP,KT,lT,NPtK,NU^r,MOUPR,MBALPR,ITMAX,ITMXl,NRHOP,

1KH(JP(20) , rt^AX,Ci^VRG, I TTS( 200} , DAMP,i/lTSIP,LITPIS

I/O FILES

INTEGER HDUMP,HAKIN,bAKOUT,PRFILE,OBSFIL
COMrtON/IOC lLE/HDUMP,Kt.TA,tiAKlN,BAKOUT,INFILE,PRFILE,OBSFIL

I/O POINTERS

LOGICAL LOGRDA,LOGRDb
INTEGER I,FN(2),LOG(2) ,LFB(2) , LDP ( 2 ) , NBL ( 2 ) , NXT ( 2 )
COMMON/10PTK/LKi>/A ,LKNB,LDGRUA,bOGRDB,LFNTBR,LFN'rB«,LFBOFA,LFBOFb,
!LDPA,LnPH,N»LPA,NHLPb,HXrA,NXTB
EOU1VA[.LNCE(LM,LFNA) , (LOG,LDGRDA) , (LFB,LFBOFA) , (LOP, LOP A)
Eai)IVAl<t-NCb(NbL,NBLPAJ , CNXT,iJXTA)

OPTION UttlNiliUNS

LOGICAL Wf ABLE, RCHRG,TR LEAK, EON3,LQN4
COMMON /UPTDt:F/«TAbLt;,TRLEAK,RCHRG, EON 3, EON 4

GlUD SIZES

LEVEL 2,DELX,DtLY,DELZ,DELXI,DELYI,DELZI,FACTX,FACTY,FACrZ

08454
08455
08456
08457
08458
08459
08460
08461
06462
08463
08464
08465
08466
08467
08468
08469
08470
08471
08472
08473
08474
08475
08476
08477
06478
08479
08480
08481
08482
08483
08484
084R5
08486
08487
08488
08489
08490
08491
08492
08493
08494
08495
08496
08497
08498
08499
OM500
08501
08502
OS jG3
08504
08505
08506
08507
08508
08509
08510
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60

65

70

7b

95

100

105

110

COMMON/l>KLX*Z/Dfc:LX(150).DELy(150) , [>ELZ( 150) , DELX I ( 1 50 ) , DELY J ( 1 50 }
10EL2 1(15 0),K ACT A(150),FACIY(150),tACTZ(150) 

COMPUTATIONAL, 1 NTERMEDI A TE SCALARS 

COMMON/C1SCAL/H,D,F,H,RHO,KH01,KH02,RHO.J,SU,Z 

SPECIFIC YIELD AND SPECIFIC STORAGE

LEVEL, 2,SY,SS
COMMON /SYSS/SY(150),SS (150)

MAXIMUM HEAD CHANGE POINTERS

INTEGER BIG1,B1GJ,BIGK 
LEVEL 2,HiGI ,«l(;j,HIGK,DLHDMX 
COMMON/biGl/HIG,BIGr,W
COMMON /»1G2/. ~i IGI(501),8IGJ(501),HIGK(501),DLHDMX(501) 
COMMON/RIVK/NK,NRN,NTOT,NAOD(20),NkC(2u),US(20),RQ(20),KFLO*(200) 

1 UMAX (2 00) ,K FLU* (200) ,ftIVEk(200),TU(200),Vh(200),INOX(2,200),QR

2D BOTTOM AND PERMEABILITY 

COMMON/BOTPRM/bOTTOM( 1,1),PERM(1,1) 

RECHARGE

LEVEL 2, ORE 
COHMON/RECri/OREC 20, 20)

WATEK SURFACE

LEVEL 2,wSUR 
COMMOW*'SUkK/*SURC 20, 20)

RIVERS

LEVEL 2,ORA 
COMMON/RIVR2/URA( 20, 20)

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2, HXA,HXB,HXC 
COMMON / LCM A /HXC 18 000) 
COMMJN/LC4B/HXA(8000) 
CDMMON/LCMC/riXht8000) 
INTEGER RO>v,COL 
LOGICAL 10PMST

LOOP FROM 1,NNPL - SKIP FIRST * LAST NODE OF EACH ROW + EACH COL.

GRID LOOP IS COLS rtEST TO EAST
ROUS SOUTH TO NORTH 
LAYERS 10P TO BOTTOM

OB511
08512
08513
08514
08515
08516 
08bl7 
OB518
08519
08520 
0 B 5 7 1 
08522 
OB523
08524
08525
08526
08527
08528
08529
08530
08531
08532
08533 
OP534
08535
08536
08537
08538
08539
08540
08541
08542
08543
08544
08545 
OB546 
08547 
08546
08549
08550
08551
08552
08553
08554
08555
08556
08557
08558
08559 
ORSftO
08561
08562
08563
08564
08565
08566
08567
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115

120

125

130

135

140

145

150

155

160

170

C 
C 
C 
99996

C 
C 
C

C 
C 
C

NKND=NNPL-2*NNPR 
LFwTN = Nh,PL-2*Ni%P 
DO 999^9 LUOP=1,NEND

LOCATION IN HX OF FIRST WORD OF THIS NODE - SKIP 1ST +• LAST COL

IF( .MOT. (CUL.fJK.l) ) GO 10 99998 
1F( .NOT. (CUL.tU.O) ) GO TO 99996

RKSFT FOR NF.XT RO*

GO TO 99997

SKIP IF OUTSIUL'AOUIFER

1F( .rvOT.(riXB(LF*TN + LCT) .NE.O. . AND. HXB ( LFWTN + LCS ) .GE.O.) ) GO TO 999 
195

CALCULATE COEFFICIENTS D , F , B , H , SU, Z, RHO , OR 

ROW=LF*

INDEXES

1 LTR=LFrtTM+LCTR 
!LTK=LFwTN+LCTK

NORTH

B=HXB(ILTC-N^PR)*UEL5ri£ROh)

EAST

F=HXB(ILTK)*OELXI£COL)

SOUTH

H = HXB(lLTC)*l)ELyi(ROW)

WEST 

D=HXb(ILTR-NVPN)*UELXI£COL)

UP

It GU 1U
K)

DOWN

08568
08569
08570
08571
08572
08573
08574
08575
08576
08577
08578
08579
08580
08581
08582
08584
08585
08586
08587
08587
08588
08589
08590
08591
08592
08593
08594
08595
08596
08597
08598 
0&599
08600
08601
08602 
08o03
08604
08605
08606 
OH607
08608
08609
08610
0861 1
08612
0861 3
08614
08615 
0 6 f> 1 6 
0&617 
U861B
08619
08620
08621
08623
08624
08625
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175

180

185

190

195

200

205

210

215

220

225

•19994 2 = 0.
IF(.HOT.(K.NE.l)) GO TO 99993 
Z = HXC(ILJ-K)
lF(TKLKAK)Z=Z+HXClLFteTN+LCTLK) 
1F(KON3)Z=Z*DELZICK)

STORAGE

CALCULATE RHO FOR NOuE FOR CONFINED, FOR WATER TABLE AND FOR NODE 
CHANGING FROrt ONE TO THE OTHER.

C " 3 c — 0
ULD=HXH(LFnrN+LCPHl)-HXB(LFWFN+LCXI)
1F( .(vOT. ( .NOf.rtTABLE) ) GO TO 999S1

GO TO 99992

WATER TABLE - TOP LAYER

IF(.NOT.(K.EQ.KO)) GO TO 99989
RHO=SY(K)/DELT
GO TO 99990

WATER TABLE - INTERIOR LAYERS

PH]=HX.B(LFWTN + LCPHI)

1FI.NOT.(OLD.Gt.TUP.AND.PH1.GE.TOP)) GO TO 99987

C 
C 
C 
99991

C 
C 
C 
99989

GO TO 9y'^tiB
99987 1F(.NOT.COLD.LE.TOP.ftND.PHI.LE.TOP)) GO TO 99985 

RHO=S1'(K)/DELT 
GO TO 99986 
IFC.UDT.dJLO.LE.PHin GO TO 9998399985

C
C
c

C 
C
c
99983

RISING WATER LEVEL

SURS=(S* (K)-HXB(LFWTNtLCS) ) /DELT* ( OLD-TOP) 
RHO = HXB(Lf wTN 
GO TO 999B4

FALLING WATER LEVEL

SUBS=(HXH(LF*TN+LCS)-SY(K) )/DELT* ( OLD-TOP)
RHO=SY(K)/DELT 

99984 CONTINUE
CONTINUE
CONTINUE 

99990 CONTINUE

C 
C 
99992

RECHARGE

OR=0. 
TOPMST=(K.EU.KO)
IF( .NOT. ( .NOT.TOPMST) ) GO TO 999B2 
TOPMSr=(HXA(LF*lr» + LCT) .EO.O) 

V99B2 IF( .NOT. tl'UHMST)) GO TO 99981

08626
08627
08628
08629 
Od630

08633
08634
08635
08636
08637

08639
08640
08641
08642
08644
08645
00646
08647
08648
08649
08651
08652
08653
08654
08655
08656
08657
08658 
08660 
086bl 
08662
08664
08665
08666
08667
08668
08669
08670
08672
08673
08674
08675
08676
08678
08679 
OB680
08681
08682 
u a b a j
08684
08685
08686
08687
08688 
086VO
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2JO

235

24C

24b

250

255

260

265

270

275

280

285

C 
C
C 
C 
99981

99977 
99979 
999HO

IF(RCHRG)UR=ORK(RDW,CDL) 
1MNR.GT.O)QK=UR4-ORACROW,COL)

SIP REVERSE ALGORITHM - FORWARD SUBSTITUTE, COMPUTING INTERMEDIATE 
VECTOR V

E=-H-D-K-H-SU-Z-RHO
1F( .NOT. ('£ KLEAK)) GO TO 99980
1F((1).NK.(K)) GO TO 99978
E = l--HXH(Lt "I'N + LCTD+riXBCLFwTN + LCTLK)
GO TO 999/9

E = t>HXK( LFhf fj + LC: 
GO 10 999?S

CONTINUt 
1M1 =LFrtl'

JMJ srjFwI
JPl=L,Fw"f N4-FJVPN
BL=rt/(l.+w*(HXh(IPH-LCEL)+HXB(IPl+LCGL)))

«vU = CL*HXB(JMH-LCGL) 
U=BL*riXbCiPl*LCGL)

SKIP TOP LAYER

IF(.NOT.(K.NE.KO)) GO TO 9997S 
AL=SU/(1.*.

-CL*HXb(JMH-LCEL) 
OL1=1 ,/DL

ZPHI=0. 
IF(K.Nf..l)ZPHI=Z*HXC(LFwTNt-LCPHI)

IH14-LCPHI)-D*HXB( JM 1 i-LCPHI ) -E*HXB ( LFWTN t LCPHI ) 
LCPhU-H*HXtJ(IPH-LCPhI)-RHO*OLD

2 -riXtt(LFrtTN4-LCr«fc.L)-ZPriI-aR-SU*HXA(LFt«TN + LCPHI)
3 -SUbS 
lF(THLfc:AK)KES=RES-KXB(LFrfTN+LCSL)

DAMPEN Kfc.S BY DAMP FACTOR

HXB(LFv.TN*LCV)=DLI*(RES-AL*HXA(LF*vTN*LCV)-BL»HXB(lPlt-LCV)
-CL*HXH(JM1+LCV)) 

GO TO 9997b

08691
08692
08694
08695
08696
08697
08698 
Ob699 
OH701
08701
08702 
noT()2 
OB702
08703
08703
08705
08706
08707
08708
08709
08710
08711
08712
08713
08714
08715
08716
08717
08718
08719
08720
08721
08722
08723
08724
08725
08726
08727
08728
08729
08730
08731
08732 
0873J
08734
08735
08736
08737
08738
08739
08 740
08741
08742
08743
08744
08745
08747
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C
C 
99V75

TOP LAYER ONLY

WU + J ) -HL* HX B { IP1 + LCFl,) -CL*HXB( JM 1 + LCEL)

290

29b

300

305

310

315

ZPH1=0.

-D*HXB( J H 1 + LCPHI ) -E*HXB ( LFKTN' + LCPHI )

-HXb(L,^
-SUBS

DAMPEN KLS BY DAMP FACTOR 

RES = t)AMP*RES

END OF MAIN LOOP
C 
C 
C
9997b CONTINUE 
99995 CONTINUE 
99997 CONTINUE 
9999B CONTINUE 

CONTINUE 
RETURN 
END

08748
08749 
OB750
08751
08752 
06753 
OS754
08755
08756 
OH/57 
087SS
08759
08760
08761
08762
08763
08764
08765
08766
08767
08768 
Ot)769
08770
08771
08772 
08774 
0877b
08776
08777 
08777 
OH778 
08779
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10

15

20

2b

30

3b

40

45

50

SUBROUTINE PISC2

PIS WITH COMMON 7bL2C - BACKWARD SUBSTITUTION

TOP LAYER IN LCMB, MIDDLE IN LCMC, BOTTOM IN LCMA

GLOBAL PARAMETERS

INTEGER SCHFL,TO[)AY,ERFLAG,FINLTS
LOGICAL rfUCt,US£LCM,USfc:kMS,USEB10,MF6000,MK7000
COMMON /GLnPRM/CLSU HE, rJRFLAG , FI N LTS , LC*FL , SCMFL , VKRBI G
COMMON /V Oh FST/LCPHI,LCwEu,LCSTR,bCT,LCS,LC:iK,LCTC,LCTK,LCEL,
1LCFL,LCGL,LCV,LCXI,
2LCBOT,LCPEKM,
3LCTL,LCTI,N,LCSL,LCZCB,LCRATE,
4N V Prt, N NPH, Nrt PC, NNPL,NNAL,N«'PR,NwPC,NirfPL,NWAL, TRACE, TODAY 

COMMON/MFSlZK/USLLCM,USLKMS,USfc:BiO r MF6000,MF7000,N*DLCM,
ILCMPTR(lbO)

LOOP, KOW, COLUMN, LAYER POINTERS 

COMMON/LOOPS/I, J,K, JO, JO,KO,I1, J1,K1 ,I2,J2,K2 

ITERATION AND TIME PARAMETERS

LOGICAL LJTSIP,LlfPIS,MBALPR,CNVRG
COMMON /nPAhM/KP,KT,i 'I , N PER , NU KT , M ODPR , MBALPH , I TM AX , ITHX 1 , NRHOP , 

1RHOP(20),»MAX,CNVKG,ITTS(200),DAMP,L1TSIP,LITPIS

Gk)D SIZES

LEVLL 2,Dt:LX,Dfc:LY,DELZ,DELXI,DELYI,DELZI,FACTX,FACTY,FACTZ 
COMMON/UeLXYZ/DELXC 1 50 ) , DEL* Cl bO ) , DELZ ( 1 SO ) , DELXI ( 1 50 ) , DELYI ( 1 50 ) 
10fc;LZH150),FACTX(lbO),FACTY(lbO),FACTZ(150)

MAXIMUM Hfc-AD CHANGE POINTERS

INTEGER BIG! ,B1GJ,BIGK
LEVEL 2, BIG! , BI GJ , bIGK , DLHDMX
COMMUN/HlGl/BIG,BIGT,rf
COMMON/riIb2/RI(J I(b01) , BIGJ ( 501 ),3IGK( 501), DLHDMX (501)

CYBER-176 LCM Lfc.VEL-2 ARRAY DEFINITIONS

COMr-'.)N/LCMA/HXC(8000) 
COMMON /[.CMH/HX AC 8000) 
COMMON/ LCMC/HXBC 8000) 
INTEGER COL

IF(TRACE)CALL PRENT ( " PI SC2" )

LOOP FROM 1,NNPL - SKIP 1ST ANL) LAST NODE OF EACH ROW

GRIU LOOP IS LAYERS BOTTOM TO TOP 
COLUMNS EAST TO WtST

08780
08781
08782 
OB783
08784
08785
03786

08788
08789
08790
08791
08792
08793
08794
08795
08796
08797
08798
08799
08800
08801
08802
08803
08804
08805
08806

08808
08809
08810
08811
08812
08613
08814
08815
08816
08817 
0881B 
08»19
08820
08821
08822 
0882J
08824
08825
08826
08827
08828
08829
08830
08831

COLUMN 08833
08834
08835
08836
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ROWS NORTH TO SOUTH

60

65

70

75

80

85

95

100

105

> = NNPL-2*NNPK 
DO 99499 L/UOP=1,NEND 
LF*TN=LKHfN-NVPN

IF( .'JOT. (COb.Nt. 1.) ) GO TO 99998 
IF( .NOT.(COL.eu.O)) GO TO 99996

RESET PUlNTEk FOR END OF RO*

LFWTN=LF«TN+2*N*PR 
GO TO 99997

SKIP IF NODE OUTSIDE AQUIFER ( T = 0 )
C 
C 
C
9999b IF( .N3T.lHXB(LFWTN-t-LCT) .NE.O.. AND. HXB(LFWTN+LCS) .GE.O.)) GO TO 999

195 
C
C SET CORRECT COLUMN NUMBER 
C

COL=NNPR-COL+1

1F(,NOT.(K.NK.1)) GO TO 99993

GU TO 99994
99993 GLV=0.
99994 

1
C
C SAVE LARGEST HF.AD CHANGE 

C
TCrtK=AHS(KX6(ILV))
IF(.MOT.(TCHK.GT.BIG)) GO TO 99992
BIGK IT1)=LKW1
BjGJCiri)=COL
B1GK(IT1)=K
BIG=TCHK

C
C ADJUST PHI
C
99992

99995 CONTINUE 
99997 CONTINUE 
9949H CONTINUE 
99999 CONTINUE

UPTURN
END

08837 
08B3B 
OHB39 
08640 
OUU41 
08642 
OU643 
08644 
OUU45 
08U46
08847
08848
08849 
08b50 
08851
08853
08854 
08655 
06«56
06856
06857 
OH858 
08859 
06860 
08861 
08662 
08862
08862
08863
08864
08865
08866
08867
08668
08669
08870
08871
08672
08873
08874 
08675 
08877 
06876 
08P79 
08880 
08681 
08883 
08864 
08885
08885
08886
08887
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10

1!)

20

30

35

40

4b

50

c
c
c
c
c
c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
r
C

c
c
c

SUBROUTINE PISA1

HIS rflTH COMMON 76L2A - FORWARD SUBSTITUTION

TOP ROrf IN LCMC, MIDDLE IN LCMA, BOTTOM IN LCMB

GLOBAL PARAMETERS

INTEGER SCM FL, TODAY, EKFLAG, FIN LTS
LOGICAL TKACE,D6KLCM,USc;KMS,USEbiO,MF6000,MF7000
CC'-'.MiJN /ui.i3rrv vi / C ij 5 li n .'_: , ^ixi'uAG , F t .iLTS , LCHFL , SCHF L , »' EhnIG
C 0 M "! 0 N / ̂  u r F S T / L C H H I LCwEL LCSTR LCT LCi> LCTK LCTC LCTK LCEL

ILCt- L, LCGi,,LCV,LCXI,
2LCHOT,LCPERM,
3LCTL,LCrLK,LCSL,LCZCB,LCRATE,
4N V P N, NNHK,NNPC,NN PL, NNAL,NrfPK,Nw PC, NrtPL,NWAL, TRACE, TODAY

COMhUN/MFSlZL/USELCM, JSERMS , USEB10 , MFbOOO , MF7 000 , NKDLCM ,
1LCMPTKC IbO)

LOOP, ROW, COLUMN, LAYER POINTERS

CO««ON/LOOPS/I,J,K, IO,JO,KO,I1,J1,K1,I2,J2,K2

TIME RELATED SCALARS

COMKON/'ISCAL/COLT,DELT,DELTM1 , DAYS, DAYSP,HRS, SHIN, SUM, SUMP, TMAX,
1YRS, YRSP

ITERATION AND TIME PARAMETERS

LOGICAL LIVSIP,LlTkIS,MBALPR,CNVRG
CtlMML)N/ITPAK«/Kf,KT,lT,NPtH,NUMT,KODPR,MBALPR,ITMAX,ITMXl,NRHOP,

lRriOP(20J,«^AX,CNVKG,ii'TS(200),DAHP,LITSIP,LITPiS

I/O FILES

INTEGER HDUMP,hAKlN,bAKOUT,PRFILE,ObSFIL
CUMMON/10FILE/HUUMP,WETA,BAKIN,BAKOUT,INFILE,PRFILE,OBSFIL

1/0 POINTERS

LOGICAL LOGRDA.LOGKDB
INTEGER LJ-N(2) ,LOG(2) ,LFb(2),LDP(2),NBL(2),NXT(2)
COMMON /I OPTR/LFNA,LFNB,LOGt<DA,LOGRDB,LFNTBR,Lf-NTBW,LFBOFA,LFBOFB,

1LDPA, LOPrt, NrtljPA, KMLPb, NXIA,NXTU
EJUIVALtNCf.(LC *,Lfr NA) , (LOG,LnGRDA) , (LFB,LFBOFA) , (LOP, LOP A)
EQU1VALENCE(NBL,NBLPA),(NXT,NXTA)

OPTION DLFINITIONS

LOGICAL rtTABLE,RCHRG,TRLEAK,EQN3,FQN4
COMMON /OP FDEK/ w TABLE, TRLE AK , RCHRG , EON 3, EON 4

GRID SIZES

LEVEL 2,DtiLX,DELY,Dfc:LZ,DeLXI,DELYl,OELZl,FACTX,FACTY f FACTZ

08888
08H89
08890
08891
08892
08893
08894
08895
08896
08897
08898
1/089*
08900
08901
08902
08903
08904
08905
08906
08907
08908
08909
08910
08911
08912
08913
08914
08915
OH916
08917
08918
08919
OB920
08921
08922
08923
08924
08925
08926
08927
08928
08929
08930
08931
08932
08933
08934
0893b
08936
OR937
08938
08939
08940
08941
08942
08943
08944
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COMMON /ULLXYZ/DKLX( ISO), DEL Y (ISO), DELZ (150), DELX 1(150), DELVK150), 
, FACTX(lbO) , FACTYllbO) ,FACTZ(150)

60

65

70

7b

8b

90

95

100

105

110

COMPUTATIONAL 1N1LRMED1ATE SCALARS

CUM M ON/CISC A L/B,D,F,H,RHO,RH01,RH02,RH03,SU,Z

SPECIFIC YIELD AMU SPECIFIC STORAGE

LEVEL ?,SY,SS
s/sY ( J so* . s

MAXIMUM HEAD CHANGE POINTERS

INTEGER BIGI , B1GJ, BIGK
LEVEL ^,B1GI ,B1GJ,B1GK,DLHDMX
COMMON /blGl/tslG,BlGT,w
COMKON/rilG2/BlGI(b01),BIGJ(b01),BlGK(b01),DLHUMX(501)

10KAX(200) ,KFLUW(20(») ,KlVEK(200),TU(200),VK(200),lNDX(2,200),aR

2D BOTTOM AND PEKME Abl LI TY 

COMM()N/BUTPRM/HOTTOM(1,1),PERM(1,1) 

RECHARGE

LEVEL 2, ORE 
COKMON/KKCH/ORfc.( 20, 20)

WATER SURFACE

LEVEL, 2,hSUR 
COMMON/WS,URF/*5UR( 20, 20)

RIVERS

LEVEL 2,UKA
COMMOU/Kl VR2/QPA( 20, 20)

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVLL 2, HXA,HXB,HXC 
COMMON /LCM A /riXH( 8000) 
COMMON/ LCM H/hXC(8000) 
CUMM()N/LCMC/HXA(8000) 
INTEGER ROW, COL 
LOGICAL TOPMST

IF(TKACE)CALL PRENT ( " PI S A 1 " )

LOOP FROM 1,NNPL - SKIP FIRST + LAST NODE OF EACH ROW 4- EACH COL.

GKID LOOP IS COLS hEST TO EAST
ROWS SOUTH TO NORTH 
LAYERS TOP TO BOTTOM

08945 
OB946
08947
08948
08949
08950
08951
08952
08953
08954 
(•19955
08956
08957
08958
08959
08960
08961
08962
08963
08964
08965
08966
08967
08968
08969
08970
08971
08972
08973
08974
08975
08976
08977
08978
08979
08980
08981
08982
08983
08964
08985
08986
08987
08988
08989
08990
08991
08992
08993
08994
08995
08996
08997
08998
08999
09000
09001
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115

120

130

135

140

145

150

155

160

165

170

NEND=NNPL-2*NNPR 
LFWTN = N*PL-2*MrtP 
DO 999V9 LOOP=l,Nbf»D

LOCATION IN HX OF FIRST h'ORD OF THIS NODE - SKIP 1ST + LAST COL

1K( .NUT. (COL. ML. 1) ) GO 10 99998 
1FC .NOT. (CGL.bO.O) ) GO TJ 99996

RESET FOR NEXT ROK NORTH

GO TO 999*7

SKIP IF OUTSIDE AQUIFER
C
c
C
9999b IFC .NOT. (ttXH(LFrtTN+LCT) .NE.O. . AND.HXBCLFWTN+LCS) .GE.O.)) GO TO 999

195 
C 
C CALCULATE COEFFICIENTS D,F,B,H,SU,Z,RHO,OR

INDEXES

ILTC=LF*TN+LCTC 
lLTH = LFwTfJt-LCTR 
1LTK=LFWTN+LCTK

NORTH

H=HXH(ILTC-N«PR)*DELYI(ROW)

EAST

F=HXH(ILTR)*UELXI(COL)

SOUTH

H=HXB(ILTC)*DELY1(ROK)

WEST

D = HX8(lLTt<-NVPN)»DELXl(COL)

UP

IF(.NOT.CK.NE.KO)) GO TO 99994 
SU=HXB(ILfK)

09002
09003
09004
09005 
0900e>
09007
09008
09009
09010
09011

1F(EON3)SU=SU*UELZI(K) 

DOWN

09013
09014
09015
09016
09018
09019
09020
09021
09021
09022
09023
09024
09025
09026
09027
09028
09029
09030
09031
09032
09033
09034
09035
09036
09037
09038
09039
09040
09041
09042
09043
09044
09045
09046
09047
09048
09049
09050
09051
09052
09053
09054
09055 
09057 
0905U 
0905V
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175

180

185

190

195

200

205

210

215

220

225

99494 Z=0.
IF( .fJDT.(K.Nt.l)) CO 10 99993 
Z=HXC(ILTK)

c 
c 
c
99991

C 
C 
C 
99989

CALCULATE RHO FOR' NODE FOR CONFINED, FOR WATER TABLE AND FOR NODE 
CHANGING FROM ONE TO THE OTHER.

GURS-G.
OLU = HXB(LF/nN4-LCPHl)-HXB(LFWTN4-LCXI)
U ( .ni) I . ( . NOr.wIAhLt) ) GO 10 99991
RriO = HXh(LFWTN-t-LCS)/LlELT
GO TO 99992

WATER TABLE - TOP LAYER

1F( .NUT. (K.EO.KO)) GO TO 99989 
RHO=SY (K)/DELT 
GO TO 99990

WATER TABLE - INTERIOR LAYERS

PHI=HXb(LFrtrN+LCPHI) 
TOP=HX8(Lf WTN-t-LCBOT)+DELZ(K)
IF( .NOT.(Ui,0.GE.TOP.AND.Pril.Ge.TOP)) GO TO 99987 
KriO=HXH(LF*rN+LCS)/DELr 
GO TO 99989 

99487 1F( .fv3T.lULD.LE.TOP.AND.PHI.LE.TOP)) GO TO 99985

GO TO 99986
1F(.NOT.(OLD.LE.PHI) ) GO TO 9998399985 

C 
C 
C

-TOP)

c 
c
c
99983

99984
99986
999bi>
99990
C
C
C
99992

RISING WATER LEVEL

SUKS-(SY(K)-HXh(LF*J' 
RHO=HXB(LF*TN+LCS)/Ufc.LT 
GO TO 99984

FALLING WATER LEVEL

SUBS=(HXB(LFWTN+LCS)-SY(K) ) /DELT* ( OLD-TOP )
RHO=SYf rO/DELT
CONTINUE
CONTINUE
CONTINUE
CONTINUE

RECHARGE

TOPMST=(K.Ea,KO)
1F(.NOT.(.NOT.TOPHST)) GO TO 99982

99982 1F( .N3T. ( IOPM.ST)) GO TO 99981

09060
09061 
090b2
09063
09064
09066
09067
09068
09069
09070
09071 
U90/2
09073
09074
09075
09076
09078
09079
09080
09081
09082
09083
09085
09086
09087
09088
09089
09090
09091
09092
09094
09095 
0909b
09098
09099
09100
09101
09102
09103
09104
09106
09107
09108
09109
09110
09112
09113
09114
09115
09116
09117
09118
09119
09120
09121
09122
09124
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230

235

24'

245

250

255

260

265

270

275

280

285

C 
C 
C 
C
99981

» 7 fe

99977 
99979 
99*80

SIP REVERSE ALGORITHM - FORWARD SUBSTITUTE, COMPUTING INTERMEDIATE 
VECTOR V

E = -rf-D-l--H-SU-Z-RHO
If (.«3T. { fKLEAiO} GO TO 99980
1F((1).Nh.(K)} GO TO 99978
E = K-HXB(LF*Tl<H-LCfL) + HXH( LFrtTN*-LCTLK)
GO TO 99979
IFdKO) .NE.CK}} GO TO ??977
E=fc>MXh(LrwfN+ LC1LJ* HXC ( LFrtTN* LCTLK)
GO TO 99979

CONTINUE 
lMi=LFwTN-NwPR

JM1=LFWT Iv-NVPN1 
JP1=LFWTN+NVPN 
HL=H/(1 .

LCGL.) ) }
C = RL»HXb( J.!'l+LCfc.L.) 
G = CL*riXb( JM1* l.CFL) 

|,CGL)

SKIP TOP l/AYER 

IF(.NOT.(K.NE.KO)) GO TO 99975
LCFL) ) )

FwTNf LCFL) 
= f-i w* (C + G + A + «U-rriJ + U 

-CL*HXH(JM1+LCEL)

ZPHI=0. 
IF(K.NE.l)2PHI=Z*HXC(LF«rN+ LCPHI)

RES=-B*HXrt(IMl*LCPHl)-D*HXB(JMlfLCPHI)-E*HXB(LFWTN+LCPHI)

-SUBS

DAMPEN RES BY DAMP FACTOR 

RES=DAMP*HtS
= OLI*(RES-AL*HXA(LFKTN<-LCV)-BL»HXB(IPH-LCV) 

-CL*rtXH(JMl+LCV)) 
GO TO 9997o

09125
09126
09128
09129
09130
09131
09132
09133
09135
09135
09136
05136
09136
09137
09137
09139
09140
09141
09142
09143
09144
09145
09146
09147
09148
09149
09150
09151
09152
09153
09154 
091SL.
09156
09157
09158
09159
09160
09161
09162
09163
09164
09165
09166
09167
09168
09169
09170
09171
09172
09173
09174
09175
09176
09177
09178
09179
09181
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c 
c
99975

TOP LAYER ONLY

-BL*HXB(IPl4-LCFL)-CL*HXB(JMH-LCEL)

290

295

300

30b

310

315

HXB(LFwTN+LCEL)=DLl*(F-W*C) 
HXB(t,(--!»rN*LCKL,)=DLI*(B-^*G) 
H X b ( L F * f M +• L C G L ) = 1) L, I * C £ - rf * C * U 4- U ) )

ZPHI=0.

= -B*HXB( 1M1 + L,CPH1)-U*HXB( Jf 1 4- LCPH I ) -E*KXB C LFWTN-t-LCPKI )
-F*riAB(JPH-bCPHl)-H*riXb(lPH-LCPrtl)-RHU*ULD
-HXt>(bf dTN + LCWED-ZPHl-QR
-SUBS

DAMPEN RES BY DAMP FACTOR

RES=DAMP*RES 
hXB(L,FwTN4-LCV)=DLI»(RES-BL*HXBClPl+LCV)-CL*HXB(JMl + LCV)

END OF MAIN LOOP
c 
c 
c
9997b CONTINUE 
99995 CONTINUE
99997 CONTINUE
99998 CONTINUE
99999 COMTIUUE 

kETURN 
END

09182
09183
09184
09185
09186
09187 
0918B
09189
09190
09191
09192
09193
09194 
0919!>
09196
09197
09198
09199
09200
09201
09202
09203
09204
09205
09206
09208
09209
09210
09211
09211
09212
09213
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10

lb

20

30

35

40

55

SUBROUTINE PISA2

PIS WITH COMMON 76L2A - BACKWARD SUBSTITUTION

TOP LAYER IN LCMC, MIDDLE IN LCMA, BOTTOM IN LCMB

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,ERKLAG,FINLTS
LOGICAL TKAC>:,USf.LCM,USEKrtS,USe:B10,MF6000,MF7000
rnMMOiJ/GLBPKM/CLSURt.EKKbAGfFiNLTS.LCMFL.SCMFL.VERBIG
COMMr)N'/VUKFST/La'rtl,LC*EL,LCSTK,LCT,LCS,LCTR,LCTC,LCTK,LCEL,

ll.CKL,LCGL,LCV,LCXl,
2LCHOr,LCPER.M,
SLClL^C'lLK.uCSL.LCZCB.LCRATE,

COMMON/MFS12fc./USELCM,USEKhS,USEBlU,MFbUUO,MF7000,NWDLCM, 
ILCMPTR(lbO)

LOOP, ROW, COLUMN, LAYER POINTERS

COMMON/ LOOPS/ I, J,K, I 0,JO,KO, 11,J1,K1,I2,J2,K2

ITERATION AND TIME PARAMETERS

LOGICAL L1TSIP,L1TPIS,MBALPR,CNVRG
COMMON/ nPAkM/KP,KT,;T,NPER,NUMT,MODPR,MBALPR, ITMAX,ITMX1,NRHOP, 
JRHUP(;,!0),*UAX,CNVi«G,ITTS(200),0AMP,LITSIP,LITPIS

GRID SIZLS

LEVEL. 2,t>EbX,DELY,DEI.,Z,OELXI,DELYl / DELZI,FACTX,FACTY,FACrZ 
COMMON /DELAY Z/l>i.LX(lbO),DELY(150),i>ELZ( 150), DELXI(ibO),DELYl(l 50) 

,FACTX( IbO) ,FACri^(lbO) ,FAC:TZ(150)

MAXIMUM HEAD CHANGE POINTERS

INTEGER BIGI,B1GJ,HIGK
LEVEL 2,bIi;i,riIGJ,BlGK,DLHDMX
COMMON /B1G1/H I G,BIGT,m
CUMMl)N/wl(,2/bIlilC501),BIGJ(501),BIG'K(501) ,DLHDMX(501)

CYBER-17b LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2, HXA,HXB,HXC 
COMMOrt/LCMA/HXb(8000) 
COMMON /LCMB/riXC 18 000) 
COMMON /LCMC/hXA(8000) 
INTEGER COL

1F(TKACE)CALL PRENT ( " PIS A2" )

LOOP FROM 1.NNPL - SKIP 1ST AND LAST NODE OF EACH ROW

GRID LOOP IS LAYERS BOTTOM TO TOP 
COLUMNS EAST TO WEST

COLUMN

09214
09215
09216
09217
09218
09219
09220
09221
09222
09223
09224
09225
09226
09227
09228
09229
09230
09231
09232
09233
09234
09235
09236
09237
09238
09239
09240
09241
09242
09243
09244
09245
09246
09247
09248
09249
09250
09251
09252
09253
09254
09255
09256
09257
09258
09259
09260
09261
09262
09263 
0?264
09265
09266
09267
09268
09269
09270
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RO*S NUKTH TO SOUTH

70

75

80

85

90

95

100

105

LFWTN=MWPR*2+1 
IT1=IT+1
NEND=NNPL-2*NNPH
DO 99999 LOOP=1 ,NEND

COl,= MUO( LUOP, NNPH)
JF( .NOT. (CuL.HL. 1 )) r,0 TO 99998
IFC.NOT. (CULi.tU.O) ) GO TO 99996

F0n £NL« i>f ROW

GO TO 99997

SKIP IF NUDE OUTSIDE AQUIFER ( T = 0 )
C 
C 
C 
99996 1F(.NOT.CHXBCLFWTm LCT).NE.O..AND.HXBCLFWTN+LCS).GE.O.))

195 
C
C SET CORRECT COLUMN NUMBER 
C

COL=NNPH-COL-H

1F(.NOT.(K.NE.1)) GO TO 99993

TO 999

GO TO 99994
99993 GLV=0.
99994 HXB(lLV) = HXB(lLV)-HXB(LFWTNi-LCEL)»HXB(ILV + NVPN.)

1 -HXB(LewTi«+l;Ci/ L)+HXB(lL^-N*PR)-GLV 
C
C SftVE LARGEST HEAO CHANGE 
C

TCHK=ABS(riXb(ILV))
IFl.NOT.(TCMK.GT.BIG)) GO TO 99992
BIG1(IT1)=1
B1GJC1T1)=COL
HIGK(1T1)=K
B1G=TCHK
BIGT=HXBC1LV)

ADJUST PHI
C 
C
C 
99992

99995 CONTINUE
99997 CONTINUE
99998 CONTINUE
99999 CONTINUE 

RETURN 
END

= HXB ( LF«TN + LCPHI ) +HXB C ILV )

09271
09272
09273
09274
09275
09276
09277
09278
09279
09280
09281 
C7282
09283
09284
09285
09287
09288
09289
09290
09290
09291
09292
09293
09294
09295
09296
09296
09296
09297
09298
09299
09300
09301
09302
09303
09304
09305
09306
09307
09308
09309
09311
09312
09313
09314
09315
09317
09318
09319 
09319 
no?20 
09321
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10

15

20

25

30

35

40

45

50

55

SUBROUTINE KEINIT(HXT,HX rNAM,HXN,HXNAME,KNEXT,LFrfTN,NEKPFL,irSiO 

REINITIALIZE THIS HX (HXT) AND BUFFER IN NEXT HX (HXN)

SEOUENCE IS TOP TO BOTTOM AFTEK A SIP ITERATION (KO TO 1) 
AND BOTTOM TO TOP AFTER A PIS ITERATION (1 TO KO)

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,ERFLAG,FINLTS
LOGICAL 7,;ACb:,Doi:L,ciA, 1-.'i'~::"c;,usE":2,MFb00o,MF7000
COMMON /(,btti J KK/ClJ SUKfc.,EKFbAG,KlNL1S,LCMfL,SCMFL,VEHBiG 
COMMO.WVCKi'ST/LCPttl , LCrffL, LCSTK , LCT , LCS , LCTK , LCTC , LC JTK , LCLL ,

1LCFL,LCGL,,LCV,LCX1,
2LCKUT,LCPER.M,
3LCTL,LCTIJ K,LCSL,LCZCB,LCRATE,
4 N VP N, MU-h, N MPC, N MPL,,NNAL,NWPR,Uw PC, NWPb,NwAL, TRACE, TODAY 

COM M ON /MFSlZE/US£LCH,UStKMS,USE«10,MF 6000, riF 7000, NWULCM,
1LCMPTKC IbO)

LOOP, ROW, COLUMN, LAYER POINTEKS

COMMON / LOOPS/I, J,K, 10, JO, KO, II, J1,K1, 12, J2,K2

ITERATION AND TIME PARAMETERS

LOGICAL LITS1P,L1TP1S,MBALPR,CNVRG
CCJ.MMON/ITt) A^^/KP,Kr,IT,NPER,NUMT,MODPR,MBALPR,ITMAX,ITMXl,NRHOP, 
lRHOP(20),WMAX,CNVHG,ITTS(20y),DAMP,LlTSIP,LITPlS

OPTION DEFINITIONS

LOGICAL M'ABL£ f KCHKG,THLEAK,£QN3,LON4 
COMMON/UP I OEF/WI ABLE, TRL,EAK,RCHhG r tON3,EQN4

LISTING/tJUKP POINTERS

LOGICAL DMPIT,DMPTS,UMPPP,DMPVAR,PHIDMP 
1,DMPRIV

COMMON/D^«PPTH/LlMP^T,DMP^S,DMPPP,DMPVAR,PHID^fP 
1,UMPRIV

PUMPING DATA

LEVEL 2, 1*, JW,Kw,LOC*N,rtELVAL
LOGICAL wELZRO
COMMON /HMP[)M/NWEL,KTK«,«IELZRO,OKAC(100)
COMMON/ 1' K,PUT2/l*(100),J^(100),K»k(100),LOCtoN(100),wELVAL(100)
COM«',ON/KJtfM/NR,NRN,NTOr,NAOD(20),NRC(20),US(20},RU(20),KFll OW(200)

2D BOTTOM AND PEKMEAB1LITY 

COM MON/ BO TPHM/ BOTTOM ( 1,1),PERM(1,1) 

KECHARGE

09322
09323
09324
09325
09326
09327
09328
09329
09330
09331
09332 
"?223
09334
09335
09336
09337
09338
09339
09340
09341
09342
09343
09344
09345
09346
09347
09346
09349
09350
09351
09352
09353
09354
09355
09356
09357
09358
09359
09360
09361
09362
09363
09364
09365
09366
09367
09368
09369
09370
09371

09373
09374
09375
09376
09377
09378
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60

65

70

75

80

85

90

9b

100

105

110

LEVEL 2,URE 
COMMON/KECH/OREC 20, 20)

WATER SURFACE

LEVEL 2,*SUR 
COMMON/rtSUKF/tfSURC 20, 20)

RIVERS 

LEVEL 2, OKA
20, 20) 

LOGICAL NErfPFL
INTEGER HX,MA*E,HXTNAM,ROt«f,COL 
LEVEL ?,nXr,HXN 
DIMENSION HXT( 1 ) ,HXN( 1) 
IKCTKACDCALL PRENT ( " REIN I T" )

FIND NKX1 LAYER

CALL LOCLEV(KNEXT)

BRING NEXI LAYER INTO LCM FROM MASS STORAGE

CALL bUFIM(HXN,HXI»AHE,NIN,KNEXI)

LOOP ON THIS LAYER

DO 99999 LOOP=1,NNPL

OF TIMESTEP ONLY

IF( .NOT. CIT.LE.O) ) GO TO 99998 
HXT(LK*TN+LCX1)=0.0

GO fO 99495 
99994 IF(.NOT.(K.EO.KO)) GO TO 99992

*SUK(kOrt,CUL)=HXT(LFwTN-«-LCPHI)
GO TO 999*3 

WV92 I !•" C . ••J.'Jl' . C *.X N ( LF^TN-fLC f ? '"0.0 V
wSURC;0»,COL)=HXTlLFnfN+LCPHI) 

99991 CONTINUE 
99993 CONTINUE 
99995 CONTINUE 
9999b CONTINUE 
99S97 CONTINUE 
99998 HXr(LK«im-LCKL)=0.0

COL=MOD(LOOH,NNPR)

REINITIALIZE WATER SURFACE ARRAY

1FC.NOT. t«SUR(ROw,COL) .EGI.O.) ) GO TO 99997 
IKC.NuT.tnXI (LFwTM+LCT) .NE.O.)) GO TO 99996 
IFC .M)T. (L1TSIH) ) GO TO 99994

09379
09380
09381
09382
09383
09384
09385
09386
09387
09388
09389
09390
09391
09392
09393
09394
09395
09396
09397
09398
09399
09400
09401
09402
09403
09404
09405
09406
09407
09408
09409
09410
09411
09412
09413
09414
09415
09416
09417
09418
09419
09420
09421
09422
09423
09424
09426
09427
09428
00430
09431
09433
09434
09435
09436
09437
09438
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115

120

125

130

135

140

145

150

HXT{LFwT»+LCKL)=0.0 
HXT(LFbTN+LCGL)=0.0 
HXT(LFrtTN+LCV)=0.0

REINITIALIZE tMKLL IF NEW PUMPING PERIOD

STORE PUMPAGE VALUES IN PUMPING NODES IF ITSW = 0 

JF( .NOT. (KTKw.GT.O.AND.ITSW.NE.l)) GO TO 99990

1F(.NOT.(K.UJ.Kw(LUOPA).AND.LOOP.EQ.LOCWN(LOOPA))) GO TO 99980 
HXTCLFWTN+LC«LL)=rtELVAL(LOOPA) 

99V8H CONTINUE 
CONTINUE 
CONTINUE 
CONTINUE

99990 
99999 
C
c
C

99984
99985 
999B6 
C 
C
c
99987

C 
C 
C
99983

CHECK FOR AKRAi LISTS AT EACH ITERATION

IFC .NOT. (TRACE) ) GO TO 99987 
1FC.NOT. (OMPIT)) GO TO 99986 
IFC .N'JT. (DMPVAR) ) GO TO 99984 
CALL LIrtAP(rtXT,K,"ALL DATA") 
GO TO 9998S
CALL LIHAPCHXT.K, LCWED 
cuwriNue
CONTINUE

SAVE HYDRJGHAPH DATA ON NEW TJMESTEP

IKC .NOT. ( 1T.LE.O) ) GO TO 99983 
CALL SAVHHXHXT/K)

STORE THIS LAYtR ON MASS STORAGE

CALL 6UFOUT(HXT,HXTNAM,NOUT,K)
RETURN
END

09439
09440
09441
09442
09443
09444
09445
09446
09447 
0944B 
09449 
C545C
09451
09452
09454
09454
09456
09456
09457
09458
09459
09460
09461
09462
09462
09462
09463
09464
09465
09466 
OS467 
0946B
09469
09470
09472
09473
09474
09475
09476
09477
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15

20

25

30

35

40

45

55

SUBROUTINE SIP

NORMAL SIP ALGORITHM

LOOP ON LAYERS FROM BOTTOM TO TOP

GLOBAL PARAMETERS

INTEGER SCKFL,TOOAY,ERFLAG,FINLTS
LOGICAL lKACK,uSf:LCM,USErtMS,USEB10,MF6000,MK7000
f OHM, IN /Ul.hPKM/rLSUKE, F.HFI.Af;. F 1 N LTS , LCMFL , SC^FL. VERBIG
COMMON/tfUFKSl/LCPhI,LCftfc:L,LCST«,LCT,LCS,LCTR,LCTC,LCTK,LCEL,

1LCFL,LC(;L,LCV,LCXI,
2LCBUT, LCPERM,
JLCTL,LCi'LK, LCSL , LCZCB , LCR A TE ,

ILCMPTR(lbO)

LOOP, RUV», COLUMN, LAYER POINTERS 

COKMON/LOUPS/I, J,K, 10, JO, KO,I1 ,J1,K1,I2,J2,K2 

TIME RELATED SCALARS

COHMON/T6CAL/CUL1,DELT,DELTM1 , DAYS, DAY SP,HRS,SMIN, SUM, SUMP,1MAX, 
1 YRS, VRSP

ITERATION AND TIME PARAMETERS

LOGICAL LITSIP,LITPIS,Mt\ALPR,CNVRG
COHMl)N/UPAKK/KP,KT,lT,NPhR f NU*\T,MODPR,KBALPR,ITMAX,ITMXl,NRHOP, 
!RHOPC20),««AX,CNVRG,irTS(200),DAMP,LITSIP,LITPIS

I/O FILES

INTEGER HDUMP,bAKIN,BAKQUT,PRFILE,CBSFIL 
COMMO«/lLjFlLc./HDUMP,META r BAKIN,BAKOUT, INF I LE, PRFILE , OBSF IL

I/O POINTERS

LOGICAL LOGR[)A,LOGRDB
INTEGER l-Fu(2) , LOG(2) ,LFB(2) ,LOP(2) ,NBL(2),NXTC2)
COMKON/lOPlR/LKNA,LKNri,LOGRDA,LOGRDB,LFNTBR,LFNTBW, LFBOFA , LFBOFB , 

!LOPA,LOPli,NBLPA,NbLPB,NXlA,N'XTB
hUUlVALt-NCECLFN,LFNA),(LOG,LOGRDA), ( LFB , LFBOF A ) , (LOP, LOP A) 
£OUlVALLNCt;(NBL,NBLPA) , (NXT,NXTA)

OPTION Ur.FINITIONS

LOGICAL »1'ABLK,RCHKG,TRLEAK,EUN3,EQN4 
COMMON/OPTULF/^TADLE,THLEAK,RCriRG,EON3,EQN4

GRID SIZES

LEVEL 2,DtLX,DELY,DEL2,DELXI,UEL*I,DEL2I,FACTX,FACTY,FACTZ

09478
09479
09480
09481
09482
09483
09434
09485
09486
09487
09488
09489
09490
09491
09492
09493
09494
09495 
0949b
09497
09498
09499
09500
09501 
09b02
09503
09504
09505
09506
09507
09508
09509
09510
09511
09512
09513
09514
09515
09516
09517
09518
09519
09520
09521
09522
09523
09524
09525
09526
09527 
r,nt 2£i

09529
09530
09531
09532
09533
09534
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60

65

70

75

80

85

90

9b

100

105

110

COM*UN/DELX*2/I)LLX( 150),DELY(150) , DELZ ( 1 50 ) , DELXI ( 1 50 ) , DELY 1 ( 1 50 ) , 
1 DELZ 1C 150),FACrX(150),KACrY(15U) , FACIiU 150)

COMPUTATIONAL INltRMEDIATE SCALARS 

COMMON/CISCAL/U,D,F,H,RHO,KHni,RH02,RH03,SU,Z 

HELD AND SPECIFIC STORAGE

LEVEL 2,SY,SS
COMMON /SYSS AS Y( ISO) , SS( 150)

MAXIMUM HEAD CHANGE POINTERS

INTEGER H1GI ,BIGJ,fclGK
LEVEL 2,B1G1, ri J GJ , Wl GK , DLHDMX

CO«MOK/BjG2/bIGI(S01),BlGJf501),HIGK(501),DLHDMX(501) 
COMMON/KlVR/iJK,NRrv,NTOT,NAI}D(2U),NRC(20),QS(20),RO(20) , K FLOW (2 00) , 
10MAXC20U) ,RKbUh(20U) ,KIVEH(200) f YO(200),VK(200),lNDX(2,200),QR

2D BDTTUM AND PERMEABILITY 

COMMOU/BUfPRM/bOTTDMd, 1) ,PERM(1, 1) 

RECHARGE

LEVEL 2,OKE 
COMMON/RLCH/OREC 20, 20)

rtAI'ER SURFACE

LEVEL 2,*SUR 
COMMOH/«SURK/WSUR( 20, 20)

RIVERS

LEVEL 2,ORA 
CDMMON/R1VR2/ORAC 20, 20)

CYhER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2,HXA,HXB,HXC 
COMMUN/LCMA/HXAC8000) 
COMMON/LCMtt/HXBCBUOO) 
CDMMUN/LCMC/HXCCaOOO) 
IFCTRACE)CALL PRENT( "SI P" )

LOAD LAYER 1 INTO LCHB, 2 INTO LCMA, 3 INTO LCMC

CALL L'JCLEV(l)
CALL bUKJNCHXB,"HXB",NIN,l)
CALL LOCLfcV(2)
CALL tJUflKtHXA, H HXA",NIN,2)
CALL LOCLbV(3)
CALL BUF1N(HXC, H HXC M ,NIN,3)

09535
09536
09537
09536
09539
09540
09541
09542
09543
09544
09545 
'.'?54t

09547
09548
09549
09550
09551
09552
09553
09554
09555
09556
09557
09558
09559
09560
09561
09562
09563
09564
09565
09566
09567 
0956B
09569
09570
09571
09572
09573
09574
09575
09576
09577
09578
09579
09580
09581
09582
09583
09584
09585
09586
09587
09588
09589
09590
09591

71!
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115

120

125

130

135

140

145

150

155

160

165

170

LOOP FOR K=1,KO (BOTTOM TO TOP)

MLOOP=0

9999V 1F( .NOT.(K.LE.KO) ) GO TO 99996

MODML=MUD(*LOOP,3)

BRANCH TO APPROPRIATE LOGIC

LCMC IS MIDDLE LAYER

IF((0) .NE.(MODML.)) GO TO 99996
CALL LOCLtV(K+l)
CALL bUKUUKHXB, "HXB",NOUr,K-2)
CALL BUr'l«(HXB,"HXri",NlN,K + l)
CALL SIPC1 

C
C LCMB IS MIDDLE LAYER 
C

GO TO 99997 
99996 IF( ( ) ) .NK.(KODMD) GO TO 99995

IF(.NOT.(K.NE.l)) GO TO 99994
CALL LUCL£V(K+1)
CALL BUHJUT(HXA, H HXA H ,NOUT,K-2)
CALL BUKIU(HXA,"HXA",NIN,K+1)
CALL SIPB1

LCMA IS MIDDLE LAYER

99994
C
C
C

GO TO 99997 
9999b IF( (2).NL.(HODML)) GO TO 99993

IF(.NOT. (K.NE.2)) GO TO 99992
CALL LOCLtIV(K+l)
CALL bUFUUT(HXC,"HXC" , NOUT, K-2)
CALL BUFl(v(HXC,"HXC H ,NlN,K-t-l) 

9999^ CALL S1PA1 
9999J COWTIHUE 
9999V K=K+1

GO TO 99999 
C
C STORE REMAINING LAYERS IN MASS STORAGE 
C 
9999B DO 999S1 LOOP=1,2

MOOML=KUD(MLOOP,3)
KL=KO-2+LOOP
IK( (0) .Nt. (MUUML) ) GO TO 99989

GO TO 99990 
99999 IF( ( 1) . Nt. (MODVL) ) GO TO 99968

CALL bUFOUT(HXA, M HXA n ,NOUr,KL)
GO TO 99990 

9998« IF((2). ML. (MQDML)) GO TO 99987
CALL HU KOUT ( HXC," HXC ", NOUT, KL) 

99987 CONTlNUt

09592
09593 
09b94
09595
09596
09597
09598
09599
09600
09601
09603
09604
09605
09606
09607
09608
09609
09610
09612
09613
09614
09615
09615
09616
09617
09618
09619
09621
09623
09624
09625
09626
09626
09627
09628
09629
09630
09632
09634
09635
09636 
09b37
09638
09639
09640
09641
09642
09643
09645

09648
09648
09649
09651
09651
09652
09654
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175

180

165

190

195

200

20b

210

215

220

225

V9990 CONTINUE 
99991 CONTINUE

If ( .NOT.(USEIUO)) GO TO 99986 
C
C POSITION KILKS AND RESET FILE POINTERS 
C

CALL bUKKUF'(LKNTBK)
CALL, HUKK&*(LFNTBW)
CALL,

C 
C 
C 
C 
C 
C 
C 
99986

LFNTKWsLKNTBR

FILES NOW POSITIONED FOR PROCESSING

BACK SUBSTITUTE - TOP TO BOTTOM
TOP 3 LAKERS AKh. ALREADY IN LCH —DO NOT NEED TO RELOAD

MLOOP=MLOUP+1 
K = KO

99985 lF(.Njr.(K.GL.l)) GO TO 99984 
MLOOP=MLOOP-1 
MOOML=MODCMLOOP,3)

BRANCH TO APPKOPRIATE LOGIC

LCMC IS MIDDLE LAYER

IF((0),NE.(MGDML)) UO TO 99982 
IF(.NIJT.(K.LT.M)) GO TO 99981 
CALL LUCLLVCK-1J
CALL BUfrOUT(HXC,"HXC H ,NOUT,K+2) 
CALL bUFINlHXC,"HXC",NlN,K-l) 
CALL SIPH2

LC>1B IS KIDDLE LAYER

V99B1 
C 
C 
C

GO TO 99983 
99982 1FC(1).NE.(MODML)) GO TO 99980

IFC.HOT.tK.Ll.Kl)) GO TO 99979
CALL I.OCLEV(K-l)
CALL 6UKuUr(HAB, M HXB",NOUT,K+2)
CALL BUfIN(HXB, M HXB H ,NIN,K-1)
CALL SIPA2

LCMA IS MIDDLE LAYER

99979 
C 
C 
C

999bO IFC (2) . NF.. (HOUML) ) GO TO 99978 
Ir'C .N3T. (K.LT.K1 )) GO TO 99S77 
CALL LOCLt-JV ( K-1 )
CALL riUHlUl CHXA, " HX A" , NOUT , K f 2 ) 
CALL BUKJN(HXA,"HXA M ,N1N,K-1)

99977 CALL SIPC2
99978 CONTINUE

09655 
09655 
09b5b
09657
09658
09659
09660
09661
09662
09663
09664 
0966 j
09666
09667
09668
09670
09671
09672
09673
09674
09675
09676
09677
09678
09679 
09b80 
096B1
09683
09684
09685 
096B6
09687
09688
09689
09690
09692
09694
09695
09696
09697 
09697 
09b98
09699
09700
09701
09703
09705
09706
09707 
no7r>B
0970b
09709
09710
09711
09712
09714
09716

720
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230

235

240

245

250

255

99983 K=K-1
GO TO 99985 

C
C STORE OOTfuM LAYF.KS INTO MASS STORAGE 
C
99984 CALL bUFOUT ( HX A , " HX A " , NOU 1 , 2 )

CALL bUFUUTCHXK, "HXB",NOJT,1) 
C

IV (. .NOT. (USEblO)) GO TO 99976 
C
r POSITION F1LKS AND RFSfc-T t--iL,£ P' 
C

CALL BUFKOF(LFNTBK)
CALL bUFhEw(LFNTaW)
CALL tlUFKtw(LFNTBR)

C 
C
C 
C 
C
C
9997b CNVRG=BIG.LE.CLSURE

DLHUMXCn +1)=BIGT
RETURN
END

FILES NOw POSITIONED FOR PROCESSING

ITERATION HAS CONVERGED wHEN BIG . LE . CLSURE

09717
09718
09719
09720
09721
09722 
0 9 V 2 3
09724
09725
09726 
C7727
09728
09729
09730
09731
09732
09733
09734
09735
09736
09737
09739
09740
09741
09742
09743
09744
09745
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15

20

25

30

35

40

45

SUBROUTINE SIPBl

SIP **JTH COMMON 76L2rt - FORWARD SUBSTITUTION

TOP LAYER IS IN LCMA, MIDDLE IN LCM3, BOTTOM 114 LCMC

GLOBAL PARAMETERS

iNTEGt.'K SCMFL,TODAY,ERf LAG,FINLTS
LOGICAL TKACt-:,USF.LCM,USt:^MS,USEBIO,HFbOOO,MF7000 
COMmiN/GLriPKH/CLbUKt;, fe>FLAG, fl MLTS, LCMF'L,SCMFL, VF.RBIG 
CUMMDN/vuFhSr/LCPnl, LC A EL , LCSTR , LCT , LCS , LC T K , LCTC , LC TK , LCEL ,

ILCt L,LCGL,LCV,LCXI,
2LCr*UT,LCPtKM,
3LCTL,LCrLK,LCSL,LCZCB,LCRATE,

COMMON/ -IKS IZfJ/UbLLCM, USER MS, USEet 1 0 , Mr'6000 , MF7 000 ,NWDLCM,

LOOP, ROw, COLUMN, LAYER POINTERS

COMMON / LOOPS /1,J,K, 10, JO, K 0,11, J1,K 1,12, J2,K2

TIME RELATED SCALARS

COMMON /TSCAL/CDLT,DE.LT,DELTM1, DAYS, DA YSP , HRS , SHIN , SUM , SUMP , TM AX,

ITEKATIUN AND TIME PARAMETERS

LOGICAL LITSIP,LirPIS,MBALPR,CNVRG
CJMMON/lTPAKM/Kt'.KT, 1 1 , H PER , NU <*T , ^ODPR , MBA LPR , IXMAX , ITMX 1 , NRHOP , 
1KHUPC20) ,rtMAX,CNVKG,lTfS(200),DAMP,LITSlP,LITPIS

1/0 FILES

INTEGER HDUMP,BAK1N,BAKOUT,PRFILE,OBSFIL 
COMMON/IOKILE/MDUMP,KtrA,BAMN,BAKOUT,IMFILE,PRFILE,DBSFIL

I/O POINTERS

LOGICAL LOGKDA.LOGKUB
INTEGER l.t-N(2J,LOG(2) ,LFB(2) , L'JP ( 2 ) , NBL( 2) , NXT C 2 )
COMMON/10 (J Tri/LK MA, LFNB, LOGHD A , LOGKDB , LFNTBK,LFNTB*,LFBOFA,LFBOFB,

KaUlVALKfJCECI-KN,I,FNA) , (LOG,L3GHDA) , ( LFB , LFBOFA ) , (LOP, LOP A) 
, (NXT,NXTA)

55

OrTIuft DEFI

LLJGICAL ^TABLE,RCriKG,TRLk:AK r EON3,EON4
COM MOrt/UPTUEF/w TABLE, TKLbAK,KCHRG,EUN3,EQN4

GRID SIZES

LEVEL 2,UELX,DEL,Y,DELZ,DELXI,DELYI,DELZI,FACTX,FACTY,FACTZ

09746
09747
09748
09749
09750
09751
09752
09753
09754
09755

09757
09758
09759
09760
09761
09762
09763
09764
09765
09766
09767 
0976H
09769
09770
09771
09772
09773
09774
09775
09770
09777
09778
09779
09780
09781
09782
09783
09784
09785
09786
09787
09786
09789
09790
09791
09792
09793
09794 
wy / VD
09796
09797
09798
09799
09800 
09«01 
09«02

722



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

COMMON /DELXY2/DELX( 150) , DELYUSO) , DKLZC 150) , DELXI(150) , DELYK 150) 
1UELZ1 (Ibo; , FACTX( 1 bO) , F ACT Y (1 50 ) , FACTZ £ 1 50 )

60

6b

70

75

80

100

105

110

COMPUTATIONAL INTERMEDIATE SCALARS 

COMMON/C1SCAL/B,D,K,H,RHO,RH01,RH02,KH03,SU,Z 

SPECIFIC YIELD AND SPECIFIC STORAGE

LEVEL, 2,SY,SS 
COMMUN/SYSS/SH 150),SSC150)

MAXIMUM HEAD CHANGE POINTERS

INTEGER HIGI ,falGJ,BIGK 
LEVEL. 2,BIGl,biGJ,l3IGK,DLHDMX 
COMMON/blUl/iUG,BIGT,»(
CaM«OiM/6IG2/Hl&I(501),BlGJ(501),fc«IGK(501),DLHDMX(501) 
COMHON/KJVH/i<K,NHN,NTUr,i\AaD(2u),(JKC(20),OSC20),R(;C20),K.FLOw(200) 
10MAX(200),KFL,0«(200),R1VEK(200),TU(200),VK(200),1NOX(2,200),3R

20 BOTTOM AND 

COMMON/ BO TPRM/BOTTOMC1, 1) , PERM (1,1) 

RECHARGE

LEVEL 2, ORE 
COMMON/HECri/QREt 20, 20)

KATFR SURFACE

LEVEL 2,hSUR 
COMMUN/WSURF/wSURC 20, 20)

RIVERS

LEVEL 2,URA 
CO",HON/kI^K2/ORA( 20, 20)

CYBKR-176 LCM LEVEL-2 ARRAY DEFINITIONS 

LEVEL 2,HXA,HXH,HXC

COMMON /LCMU/HXBC 8 000) 
COMrtON/L,C«C/hXC(8000) 
INTEGER ROw, COL 
LOGICAL TOPMSf

LOOP FROM 1,NNPL - SKIP FIRST + LAST NODE OF EACH ROW + EACH COL

GRID LOOP IS COLS rtEST TO EAST
RO«S NUHTH TO SOUTH 
LAYERS bOJTOM T3 TOP 

NENO=NNPL-2*NNPR

09803
09804 
09605 
09806 
09ri07
09808
09809 
09H10 
09H11 
09812 
09dl3
09814
09815
09816
09817
09818
09819
09820
09821
09822
09623
09824
09825 
09b2b
09827
09828
09829
09830
09831
09832
09833 
09«34 
09835 
09fc36
09837
09838
09839
09840 
09b41
09842
09843
09844 
09«45
09846
09847
09848
09849
09850
09851 
ooosn

09853

09655
09856
09857
09858
09859
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115

120

125

130

135

140

145

150

155

160

165

170

C
C
C

C
C
C

C
C
C

C
C
C

C
C
C

C
C
C

C
C
C

C
C
C

C
C
C

C
C
C
99996

C
C
C
C
C

LFWTN=NWPK+1-NVPN
DO 99999 LOOP=1,NENU

LOCATION IN HX OF FIRST WORD OF THIS NODE

LFWTN=LFwTN* f< VPN

SKIP FIRST AND LAST COLUMNS OF EACH ROrt

COL = MOIKLOUP,NNPR)
1F(. NOT. (COL.GT. 1) ) GU TO 99998

SKIP IF NODE OUTSIDE AQUIFER ( T = 0 )

1F( .NOT. (HXB(LF rtTN+LCT) . NE . 0 . AND . HXB ( LFWTN+LCS ) .GE.O.)) GO TO 9999
17

CALCULATE COEFFICIENTS 0 , F , B , H . SU , Z , OR , RHO

ROW=LFwTN/M*PR-U

NORTH

tt = HXh(LF«TN-»-LCTC-NWPR)*DELVI(RDW)

EAST

F = HXb(LK*rN + LCTR)*DE.LXl(COL)

SOUTH

ri = HXb(LF»iTN + LCTC)*DEL¥l(RQW)

WEST

D = HXb(LFWTN-»-LCTR-NVPN)*DELXI(COL)

UP

SU = 0.
IF( .NOT. (K.NE.KO) ) GO TO 99996
SU=HXH(LF*TN+LCrK)
IF(TRLEAK).SJ = SU + HXd(LFwrN + LCTLK)
1F(EQN3)£>U = SIJ*DELZI(K)

DOWN

Z = 0.
IF(.NnT. (K.NF.l)) GO TO 99995
Z = HXC(LK* IN+LCTK)

IF(EUN3)Z=Z*DELZI(K)

STORAGE

CALCULATE RHO FOR NODE FOR CONFINED, FOR WATER TABLE AND FOR NODE
CHANGING FROM ONR TO THE OTHER.

09860
09861
09862
09863
09864
09865
09866
09867
09868
09869
09870
09871
09872
09873
09874
09874
09875
09876
09877
09878
09879
09880
09881
09882
09883
09884
09885
09886
09887
09888
09889
09890
09B91
09892
09893
09894
09895
09896
09897
09898
09899
09900
09901
09902
09904
09905
09906
09907
09908
09909

09911
09913
09914
09915
09916
09917
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175

180

185

190

19b

200

205

210

21S

220

225

SUHS=0.

1FC.NOT.(.NOT.STABLE)) GO TO 99993

GO TO 99994

WATER TABLE - TOP LAYER

IF(.NOT.CK.EO.KO)) GO TO 99991

GO TO 99992

wATER TAbLE - INTERIOR LAYERS

PHI = riXB(l,F*Tr<n-LCPHI)

1FC.NOT.CULU.GE.10P.MU.PHI.GE.TOP)) GO TO 99989

C 
C 
C 
99993

C 
C 
C
49991

GO TO 9999U 
99989 1FC.NOT.(ObU.LE.TOP.AND.PHI.LE.TOP)) GO TO 99987

99987 
C 
C 
C

C 
C 
C
99985

V998b 
99S8B

GO TO 999d8
1FC.N3T.COLD.LE.PHI)) GO TO 99985

RISING WATER LEVEL

SUBS=(SY(K)-HXBCLFWTN+LCS))/DELT*COLD-TOP) 

GO TO 999Bo 

FALLING WATER LEVEL

SltBS=(HXb(LFrfTN-fLCS)-SYCK))/DELT* COLD-TOP)
RHO=SY(KJ/U£LT
CONTINUE
CONTINUE
CONTINUE
CONTINUE

RECHARGE

99992 
C 
C 
C
99994

1FC.MDT.C.NOT.TOPMST)) GO TO 99984 
TOP^Sr=(HXA(LKwrN+LCT).EQ.O) 

999R4 IF(.NOT.(TUPMST)) GO TO 99983

C 
C 
C 
C
99983

SIP NORMAL ALGORITHM - FORWARD SUBSTITUTE, COMPUTING INTERMEDIATE 
VECTOR V

£ = -«-[)-(•-H-SU-Z-RHQ 
IFC.NOt.crKLKAK)) GO TO 99982 
1FCCD.WE.CK)) GO TO 99980 
E = F.-HXbCLFwTNU,CTL)-»-HXBCLF*TN«-LCTLK)

09918
09919
09920
09921
09922
09923
09925
09926
09927
09928
09929
09930
09932
09933
09934
09935
09936
09937
09938
09939
09941
09942
09943
09945
09946
09947
09948
09949
09950
09951
09953
09954
09955 
09*56 
09957
09959
09960
09961
09962
09963
09964
09965
09966
09967
09968
09969
09971
09972
09973
f <Jf> T C

09976
09977
09978
09979
09980
09982
09982
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230

23S

240

245

250

255

260

265

270

275

280

2S5

GO TO 999B1 
99960 1F( (KO) .ME. (K)) GO TO 99979

GO TO 999H1

999*1 CONTINUE 
99992 1M1=LF*1 N-NwPR

-N VHM

", H-bCKb)4HXdUMULCGb)))

G = Cl.*nXb( JMl+LCFb) 
wU = CL*HXB(JMl4-bCGL) 
U = BL*HXtsUMl + bCGb)

SKIP BOTTOM LAYER

1FC.KDT.(K.NE.l)) GO TO 99977
Ab = Z/(l .+**CHXC(bFWTNfLCEb)4HXCCLFWTN+LCFL)))
A = Ab*HXC(L,F*TN + LCEL)

Db=Ef **( A*C + Gf «U4-1U>U)-CL*HXB( JH1 4- LCEb) -Bb*HXH ( 1 Ml 4-bCFb) 
AL*HXC(bFwTN-t-LCGL)

DbI=l./Db 
HXh(Lfy.TN4-LCEb')=DLI»(F-W

HXB(I,K*TN4-LCGb)=DbI*(SU-i**(wU-HJ)}

)-0*HX(UJMl4iJ CPHI)-E*HXB(LF^TNfLCPHl)
1 -F*HXtJ(JPl4LCPHl)-ri*riXBC I P 1 +LCPHI ) -Z^HXC C LF^TN tbCPHI)
2 -HX»(UF»i/T
3 -SUBS

DAMPEN KES BY DAMP FACTOR

RES=DAMP*KES
HXB(bF«TN4bCV)=ULI*CRES-AL*HXC(LFh'TN4bCV)-Bb*HXBClMl*bCV) 

1 -CL»riXB( JMl + LCVn 
GO TO 999/B

C
c 
c
99977

BOTTOM bAYER ONLY

M = 1 ./t)b
-Bf.*HXB ( JM1+LCFL)

SUPH=0.

09983
09963
09983
09984
09984
09986
09987
09988
09989
09990
09991
09992
09993
09994
09995
09996
09997
09998
09999
10000
10001
10002
10003
10004
10005
10006
10007
10008
10009
10010
10011
10012
10013
10014
10015
10016
10017
10018
10019
10020
10021
10022
10023
10024
10026
10027
10028
10029
10030
10031 
i u032
10033
10034
10035
10036
10037
10038
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-SUBS 10039 
Km:S = KES-bXb(LFtfTN + l,CSL) 10040

C 10041
C DAMPEN KES BK DAMP FACTOR 10042

290 C 10043
KtS=UAMP*KbS 10044 
riXh(LF*'Tfv + LCV)=l)LI*(kES-BL*HXB(lMl+LCV)-CL*HXblJMl-i-LCV)) 10045

99978 CONTINUE 10047
P9997 CONTINUE ' 10048

295 9'^9d CONTINUE 10049
9i.ggy CONTINUE 10049

KETUKN lOObO
END 10051
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APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

10

15

20

25

30

40

45

50

55

SUBROUTINE S1PB2

SIP WITH COMMON 7bL2B - BACKWARD SUBSTITUTION

TOP LAYER IS IN LCMA, MIDDLE IN LCMB, BOTTOM IN LCMC

GLOBAL PARAMETERS

INTEGER scut- L,TODAY,ERKLAG,FINLTS
LOGICAL TKACt , UStLCM , USEKMS , U6EB10 , MF6000 , MF7000 
COMMON /GLtfPKM/CLSUKE, t.Kh LA«, Fi NLTS , LCMfrL , SCMFL, VERBIG 
COMMON /VuKKS1/LCPra,LOEL,LCSTrt,LCT,LCS,LCTR,LCTC,LCrK,LCEL,

1LCKL,LCGL,LCV,LCXI,
2LCHOr,LCPcRM,
3LCTL,LCrLK,LCSL,LCZCB,LCRATE,
4UVPN,NiNPR,NMPC,MNPL,NNAL.NrfPR,NWPC,NWPL,NWAL, TRACE, TODAY 

COMMON /HrSlZt./UStLCM,USEkMS,USeb 1 0,MF6000,MF7 000, NrfOLCM,
ILCMPTK(lbO)

LOOP, ROW, COLUMN, LAYER POINTERS

COMMON /LOOPS/ I, J,K, IO,JO,KO,I1,J1,K1,I2,J2,K2

ITERATION AND TIME PARAMETERS

LOGICAL L1TS1P,LITPIS,MBALPR,CNVRG
COMMON/ nPAkM/KP,KT, 1 T , N PER , NU MT , ^ODPR , MB A LPR , ITMAX,ITMX1,NRHOP, 

lKHOP(2()J / KKAX,Ci'JVRG,ITTb(200),DAMP,LITSIP,LITPIS

GRID SIZES

LEVEL 2,Ur:LX,DLLY,DELZ,DELXI,DELYI,DELZI,FACTX,FACTY,FACrZ 
COMMON /DKbXYZ/DLLX( ISO) ,DELYC150) ,DELZ{ 1 50} , DELXI C 150 ) , DELYI ( 1 50 ) , 
1DELZIC lbO},FACTX(150) .FACmibO) ,FACTZ(150)

MAXIMUM HEAD CHANGE POINTERS

INTEGKK biGI,BIGJ,BIGK
LLVEL 2,BIGI ,B1GJ,PIGK,DLHDMX
COMMON /B I Gl /BIG, BIGT,*
COMMON/ u i G2/ H IGK bO 1),BIGJ (501 ),BIGK (50 1),DLHDMX( 501)

ClTBER-17fa LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2,HXA,ttXH,HXC
COMMUN/LCMA/HXAC8000)
COMMON/LC'Mh/hXhCBOOO)
COMMON /LCMc/HXcceooo)
INTtGER COL

LOOP FROM NNPL TO 1 - SKIP 1ST + LAST COL, ROW OF EACH

GRID LOOP IS LAYERS TOP TO BOTTOM 
COLS EAST TO *EST 
ROWS SOUTH TO NORTH

10052
10053 
100b4
10055
10056
10057 
1005B
10059
10060
10061
10062 
1U063
10064
10065
10066
10067
10068
10069
10070
10071
10072
10073
10074
10075
10076
10077
10078
10079
10080
10081
10082
10083
10084
10085
10086
10087
10088
10089
10090
10091
10092
10093
10094
10095
10096
10097
10098
10099
10100
10101 
• r>» 0?
10103
10104
10105
10106
10107
10108
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IT1=1T+1
60

65

70

75

60

85

90

95

100

UO

COL=MOL>(LOOP,'JNPR) 
IFC.NOT.CCOL.GT.l)) GO TO 99998

SKIP IF OUTSIDE AQUIFER

IFC .NOT. (HXB(LFWTN + i,C 
17

SET CORRECT COLUMN NUMBEK 

COb=NNPH-COL+l

lF(.N3r.(K.Ht:.KO)) GO TO 99995 
GbV=HXh(LF«TN+LCGb)*HXA(lLV) 
GO TO 99996

9999b GLV=0.
9999b

. NE. U . ANO.HXBt LFWTN + LCS) .Gfc-.O. ) ) iU ¥99*

SAVE LARGEST HEAD CHANGE

= ABS(HX3('ILV) )
IF(.U01'.(TCHK.GT.HIG)) GO TO 99994 
B1GK11 l)=bF«'TN/N«PRtl 
HIGJ(1T1)-COL 
BIGK(IT1)=K 
BIG-TCHK 
«lGT=HXb(IUV)

ADJUST PHI
C 
C 
C 
99994

9999V CONTINUE
99998 CONTINUE
99999 CONTINUE 

RETURN 
END

10109
10110
10111
10112
10113
10114
10115
10116
10117
10118
10119
10120
10120
10121
10122
10123
10124
10125
10126
10126
10126
10127
10129
10129
10130
10131
10132
10133
10134
10135
10136 
10J37
10138
10139
10141
10142
10143
10144
10145
10147
10148
10148
10149
10150
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10

lb

20

30

35

40

4b

55

SUBROUTINE S1PC1

SIP rtlTrt COMMON 7bL2C - FORWARD SUBSTITUTION

TOP LAYER IN LCMB, MIDDLE IN LCXC, BOTTOM IN LCMA

GLOBAL, PARAMETERS

INTEGER SC'IFL, J' OH A if , ERF LAG, FINLT5
LUG1 CAL TKAfF -HShbCH .USKKMS.Uhi-:HIO.MF6000,MF7000 
COMMLM/GIjrfFrO'./CLSUKE, t.kr'LAG, fl NLTS, LCHFL, SC«FL, YERBIG 
COMMUN/Vur> Sr/LCVHl,LC*EL,LCSfr<,LCT,LCS,LCrk,LCTC,LCTK,LCEL, 
1LCKL, LCGL,LCV,l,CXl,

3LC1L,LCl'!..K,LCSL,LCZCB r LCRATE,
4NVPN, N NPR , iJ N PC, K N PL, NMAL,N«PK,NrtPC,Nv* PL, NiVAL, TRACE, TODAY

1LCMPTRC IbO)

LOOP, RUw, COLUMN, LAYER POINTERS 

COMMON/LOOPS/I, J,K,IO, JO,KO,I1, Jl ,K1,I2,J2,K2 

TIME RELATED SCALARS

COMMON/ rsCAL/CDLT,DELT,DELT«l, DA YS , DAYS? , HRS , SHIN, SUM, SUMP, TM AX, 
1YRS,YRSP

ITERATION AND TIMK PARAMETERS

LOGICAL LlTSlP,LITPIS,KtJALPR,C!4VRG
COMMON /IlPAkM/hP.M.lf.NPtRfN LI MT,HOUPR,HHALPR,ITMAX, ITHX1,NRHOP, 
1RHOH(20),*MAX,CNVKG,1TTS(200),D!\«P,LITSIP / LITPIS

I/O FILES

INTEGER HDUHP,bAKIN,BAKOUT,PRFILE,OBSFIL
COMMON /IOriLE/HOUMP,«El A , b AM N , tt AKOUT , J NFI LE, PRFILE, OBSFIL

I/O POINTERS

LOGICAL LOGRDA,LOGRDB
JNThGER Lt Ni.2) ,LOG(2) ,LFBC2),LOP(2),NBL(2),NXT(2)
COMMON/ I uP'lk/Lt NA,ljFNb,LOGhDA, LOGkDB , LFNTBR , LFNTBW , LFBOF A , LFBOFB , 
lLOPA,LOHri,ririLPA,NBLPB,NXTA,NXTB
EaUIVALENCt.(LhN,LFI,A),(LOG,LDGRDA), ( LFB, LFBOF A ) ,( LOP, LOP A) 
EUUlVALEMCE(NBL,NtJLPA),(NXT,NXTA)

OPTiriN "VFl NTTIUNS

LOGICAL KTABLE,KCHi-'G,TRLEAK,EQN3,EQN4 
COMHON/OHrDbr/WTAbLE,TkLEAK,RCriRG,EON3,EON4

GRID SIZES

LEVEL 2,DELX,DELY,DELZ,DELXI,DELYI,DELZ1,FACTX,FACTY,FACT2

10151
10152
10153
10154
10155
10156
10157
10158
10159
10160
10161
10162
10163
10164
10165
10166
10167
10168
10169
10170
10171
10172
10173
10174
10175
10176
10177
10178
10179
10180
10181
10182
10183
10164
10185
10186
10187
10188
10189
10190
10191
10192
10193
10194
10195 
1019b
10197
10198
10199
10200
10201
10202
10203
10204
10205
10206
10207
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60

70

75

80

95

100

105

110

COMMON /DELAY Z/r>ELX( ISO) , DKLYU50),DELZ(150),DELXI(150),DELYI(150), 
1DKLZH lt>0) ,r~ACrX( 150) , FACT K 150) ,FACTZ( 150)

COMPUTATIONAL INTERMEDIATE SCALARS 

COMMON/CISC AL/b,D,F,H,RHO,RH01,RH02, RH03.SU, 2 

SPECIFIC YIELD AND SPECIFIC STORAGE

LEVEL 2,SY,SS 
COMMON/SYSS/SY(150),SS(150)

MAXIMUM HEAD CHANGE POINTERS 

INTEGER BIG1,BIGJ,BIGK
LEVEL 2,hIGI,bIGJ,riIGK,DLHOMX 
CClMMUN/riliJl/BIG,BIGT,*
CWMON/lilG2/hIGI(b01),BlGJ(501),bIGK(501),DLHDMX(S01)
COM -40N/K1VK/NK,NKU,N TOT, NADD(20),NKC(20), OS(20), KQ(20),KFLOW(200), 
10MAX(200),KFLOw(200),RIVER(200),TU(200), >/K(200),INOX(2,200),aR

2D BOTTOM AND PERMEABILITY 

COMMON /bOl PR M/ BOTTOM (1 , 1) , PERM (1,1) 

RECHARGE

LEVEL 2, ORE • 
CD*.MUN/KhCH/Q»E( 20, 20)

rfAIER SURFACE

LEVEL 2,«SUR 
COMMUN/WSURF/WSUR( 20, 20)

RIVERS

LEVEL 2,C(RA 
COM,40N/R1VR2/UKA( 20, 20)

CYbER-176 LCM LEVEL-2 ARRAY DEFIN1TIOMS

LEVEL 2, HXA,HXB,HXC 
COMMON / LCM A /HXCCR 000) 
COMMON /LC«b/HXA( 8000) 
COMMUN/LCMC/HXb(8000) 
INTEGER KOW,CUL 
LOGICAL TOPMST 
1F(TRACE)CALL PRKNTt M SI PCI " )

LOOP KKUM I,NUPL - LAST NODE OF EACH £G

GRID LOOP IS COLS WEST TO EAST
ROWS NORTH TO SOUTH 
LAYERS BOTTOM TO TOP 

NEND=NNPL-2*NNPR

1020B
10209
10210
10211
10212
10213
10214
10215
10216
10217
10218
10219
10220
10221
10222
10223
10224
10225 
1022b
10227
10228 
1022V
10230
10231
10232
10233
10234
10235
10236
10237 
1023B 
102?9
10240
10241
10242
10243
10244
10245
10246
10247
10248
10249
10250
10251
10252
10253
10254
10255
10256
10257

10259
10260
10261
10262
10263
10264

731
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115

120

130

135

140

145

150

155

160

165

170

03 99999 LOOP=1,NEND

LOCATION IN HX OF FIRST WORD OF THIS NODE

SKIP FIRST AND LAST COLUMNS OF EACH R0rf

COL = MOr>(L,OUP,NHPR)
IFC .NOr.(COL.GT.D) GO TO 99998

SKIP IF NODE OUTSIDE AQUIFER ( T = 0 )

IFC.NOT.(HXB(LF*TN+LCT).NE.0.AMD.HXb(LFWTN+LCS).GE.0.)) SO TO 9999 
17

CALCULATE COEFFICIENTS D,F,B,H,SU, Z, QR,RHO

NORTH

EAST

F=HXRCLFKTN+LCTR)*DELXI(COL)

SOUTH

WEST

0=HXriCLFrtTN+LCTR-NVPN)*DELXI(CDL) 

UP

SU = 0.
IFC.NOT.(K.ME.KO)) GO TO 99996

C DOWN
C
99996 Z=0.

IF(.NOT.(K.NE.1)) GO TO 99995
Z=HXC(LFwrN+LCTK)
T L- j T u i^ i; A K_ ) 2. - 2. + H X C ( L !•"'" r N -f L r T ' " '

STORAGE

CALCULATE RHO FOR NUDE FOR CONFINED, FOR WATER TABLE AND FOR NODE 
CHANGING KRUM. UNt TO THE OTHER.

10265
10266
10267
10268
10269
10270
10271
10272
10273
10274
10275
10276
10277
10278
10278
10279
10280
10281
10282
10283
10284
10285
10286
10287
10288
10289
10290
10291
10292
10293
10294
10295
10296
10297
10298
10299
10300
10301
10302
10303
10304
10305
10306
10308
10309
10310
10311
10312
10313
10314
10315
10317
10318
10319
10320
10321
10322
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175

180

185

190

195

200

205

210

215

220

225

99995 SUPS=0.
OI,P = HX[ULF*r,M+-La'riI)-HXR(LF*TNtLCXI)
IF(.Njr.e.NOT.hfAbLE)) GU TO 99993
KHU = HXH(LK*vf'JtLCS)/OELT 
GO TO 99994

C
c
C
99993

c 
c 
c
99991

GO TO 99990
999B9 IF( .TJT. ( OLD . LF.. TOP . AN D . PHI . LE . TOP) ) GO TO 99987 

fcriO=SY(K)/DELT 
C,0 TO 9998« 
1F(.NOT.(OLD.LE.PHI)) GO TO 99985

TABLE - TOP LAYER

IF(.NOT.(K.EO.KO)) GO TO 99991 
RHO=SY(K)XDELT 
GO TO 99992

WATER TAHLE - INTERIOR LAYERS

PHI = riXB(LFwrNtLCPm)

1F(.NOT.(OLU.GE.1UP.AND.PHI.GE.TOP)) GO TO 99989

99987 
C 
C 
C

C 
C 
C
999B5

999Bo
9998H
99990
9999^
C
C
c
99994

99984 1K( ,NOT.( ICJHUST) ) GO TO 99983 
IF(RCHRG)JR=URh(KOw,CUL)

C 
C 
C
c
99983

RISING rfATER LEVEL

SUHS=(SY(K)-HXH(LFWTN+-LCS) )/DELT* ( OLD-TOP) 

GO TO 99986 

FALLING WATER LEVEL

SJHS= (HXbCLFrf IN *•LCS)-Sy(^))/DELT* (OLD-TOP)
RHO = SY(K)/r)ELT
CONTINUE
CONTINUE
CONTINUE
CONTINUE

RECHARGE

UR = 0.
10PMST=(K.EQ.Ktn
IF(.NOT.(.NOT.TOPMST)) GO TO 99984

SIP NORMAL ALGORITHM - FORWARD SUBSTITUTE, COMPUTING INTERMEDIATE 
VECTOR V

E = -B-t)-K-H-SU-Z-RHO
IF(.NOT.(irtLKAK)) GO TO 999B2
lr'( ( 1) .NE. (K) ) GO TO 999HO
E = K-HX(l(LF^rNtLCTL)+-HX»(LFi«TN-eLCTLK)
GO TO 999H1

10323
10324
10325
10326
10327 
10329 
1 0 j 3 0
10331
10332
10333
10334
10336
10337
10338
10339
10340
10341
10342
10343
10345
10346
10347
10349
10350
10351
10352
10353
10354
10355
10357
10358
10359
10360
10361
10363
10364
10365
10360
10367
10368
10369
10370
10371
10372
10373
10375
10376
10377
10379
10380
10381

10383 
103B4 
103S6
10386
10387
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APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

230

235

240

245

2bO

25b

2bO

26b

270

275

280

28b

99460 1F( ( KO) .HE. (K) ) GU TO 99979
E = F: - II X H ( L F w T N + 1 , C T L ) + M X C ( L F w T N t L C T L K ) 
GO 10 99-^81

CONTIMUE

JKl=LFw fN-NVPN

G = CL*HXB( JMULCFL)

U=BL*HXB(iMl+LCGL)

SKIP BOTTOM LAYER

1F(.NOT.(K.NK.1)) GO TO 99977

-CU*HXB( Jh 1 +LCEL) -BL»HX B( I Ml +LCFL) •

DU1=1 ,/UL

rtXBlLF.vTN'HJ CGL,)=OLJ. 
SUPII^O.

S = -B*HXB( lMl + l,CHHn-U*riXy( J« 1 + I.CPH I ) -E*
-F*nXt>(JPl+uCPriI)-H*riXB(IPl-fL,CPriI)-Z*riXC(LF»<TN*LCPHI)

-SUbS

DAMPEN KES BY DAMP FACTOR

1 -CL*HXB(JM1+LCV))
GO TU 99978 

C
C BOTTOM LAYER ONLY 
C 
99977 DL = E+**(C + G + WIH-U)-CL*HXB(JM1+LCEL)-BL*HXB(IM1+LCFL)

OLI=1./DL

SUPH=0. 
lF(K.NK.KO)5UPH=SU*HXA(LFrtTN+LCPHl)

1 -F»rtXb(JPl«-LCPm)-ri*hXB( I PI + LCPHI ) -R HO* OLD
2 -riXtt(bl
3 -SUBS

10387
10387
10388
10388
10390
10391
10392
10393
10394 
1039b
10396
10397
10398
10399
10400
10401
10402
10403
10404 
1040b
10406
10407
10408
10409
10410
10411
10412
10413
10414
10415
10416
10417
10418
10419
10420
10421
10122
10423
10424
10425
10426
10427
10428
10430
10431
10432
10433
10434 
1043b 
1 0436
10437
10438
10439
10440
10441
10442
10443
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	10444
C 10445
C DAMPEN RES BY DAMP FACTOR 10446
C 10447

290 kKS = [>AMP*KES 10448
HXtt(LFttrn + LCV)=ULl*(KE;>-Bb*HXB(IMl+LCV)-CL*HXB(JMl + L.CV)) 10449

^9978 CONTINUE 104S1
49997 CONTINUE 10452
949913 CONMullE . 10453

295 99999 CONTINUE 10453
KElllrtN 10454
END 1045b
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20

25

30

35

40

45

50

55

SUBROUTINE S1PC2

SIP WITH COMMON 7t>L2c - BACKWARD SUBSTITUTION

TOP LAYER IN LCMB, MIDDLE IN LCMC, BOTTOM IN LCHA

GLOBAL PARAMETERS

INTEGER SCMr L, TODAY, ERF LAG, FIN LTS
LOGICAL I'KACr. , USt-.LCH, USr,Ki^S, USEb JO, MF6000.KK7000

C3MKUN/VurFST/LCPHI,LC*EL,LCSTR,LCr,LCS, LCTK , LCTC , LCTK , LCEL, 
1LCFL, LCGL,LCV,LCX1, 
2LCBOT,LCPt.KM,
JLC1L,LCTLK,LCSL,LCZCB,LCRATE, 
4NV P w, N M PK, NNPC, NNPL, NNAL,NWPR,Nw PC, NwPL, N* A L, TRACE, TODAY
COMMUN/MFSlZL/USELCM,Ui>tKMS,US£bIO,MF6000,Mr'7000,N»'IDLCM, 
ILCMPTRdSO)

LOOP, ROW, COLUMN, LAYER POINTERS 

CUHMON/LUOPS/I,J,K,IO,JO,KO,I1,J1,K1,I?,J2,K2 

ITERATION AND TIME PARAMETERS

LOGICAL LlTSIP,LITPIS,MriALPR,CNVRG
CQNMUN /HPAHM/KP,Kr,I'r,NPtR,lvUMT,KODPR,MBALPR,ITMAX,ITMXl,NRHOP, 
lkHOP(20),*MAX,CNVRG,ITTS(^00),DAMP,LlTSIP,LITPIS

GRID SIZES

LEVEL 2,Df:LX,DKLY,r>EL2,DELXl,DELYI,DELZI,FACTX,FACTY,FACr2 
COMMUH/UE^XYii/nELXC ibO) ,DKLY( IbO) , DLLZC 150) ,DELX1 (IbO) , DELYK150) 

1DELZ1 t 130J ,FACTX( lbO),fACIY(150) ,FACIZ(150)

MAXIMUM HEAD CHANGE POINTERS

INTEGER BIGI,BIGJ,BIGK
LEVEL 2,rtiGl,riIGJ,riIGK r DLHDHX
COKMUN/tilGl/BlG,BIGT,»(

CYBER-i7b LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2, HXA,HX8,HXC 
CLlMMON/LCMA/riXC(bOOO) 
COMMiJN/LCMb/HXA(SOOO) 
COMMON /LCWC/HXb( 8 000) 
INTEGER COL

LOOP FROM NNPL TO 1 - SKIP 1ST + LAST COL, ROrf OF EACH LftYER

GRID LOOP IS LAYERS TOP TO B3TTOM 
COLS EAST TO rtEST 
ROhS SOUTH TO N3RTH

10456
10457
10458
10459
10460
10461
10462
10463
10464
10165
10466
10467
10468
10469
10470
10471
10472
10473
10474
10475
10476
10477
10478
10479
10480
10481
10482
10483
10484
10485
10486
10487
10488
10489
10490
10491
10492
10493
10494
10495 
1049b
10497
10498
10499
10500
10501
10502
10503
10504
10505 
i "50o
10507
10508
10509
10510
10511
10512
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bO

70

75

80

85

90

95

100

ITl=ITtl
LFWTN = Nwt'

= NNPL,-2*NNPR
DU 9<*W99 LUOK>=1 ,NEND
LFWf N = LFwrn-N VPN
COL=HUD(LOUP, NNPR)
IFC.UOT. (COL.Gr. 1) ) GO TO 99998

SKIP IF OUTSIDE AOUIFtR

IFC.NOT. CriXB(LFwTNtbCT) . NE. 0 . AND. riXB( LFWTN+LCS) .GE.O.)) GO TO 9999 
17

SET CORRECT COLUMN NUMBER

Iff.NOT. (K.Nt.KO)) GO TO 99995

99995 
9999t>

c
c 
c

GO TO 99995
GLV=0.
HXB(lL.V)=riXbCILV)-HXbClJ FrfTNtLCt:L)*HXBCILV*NVPN)

SAVE LARGEST HEAD CHANGE

TCHK=ABS(HXB(ILV) }
1FC .rJOT. (TCrtK.GI.BIG) ) GO TO 99994

c 
c 
c
99994

99997
99998
99999

BIGJ( IT1)=COL, 
BJGK(IT1)=K 
BJG=TCHK 
BIGT=HXri(ILV)

ADJUST PHI

fN+LCXI)=HXB(LFwTN*LCXl)tHXB(ILV) 
CONTINIJt 
CONTINUE 
CONTINUE 
RETURN 
END

10bl3 
10bl4
10515
10516
10517
10518
10519
10520
10521
10522 
iw523 
10524
10524
10525 
1052b
10527
10528
10529
10530
10530
10530
10531
10532
10533
10534
10535
10536
10537
10538
10539
10540
10541
10542
10543
10545
10546
10547
10548
10549
10551
10552
10552
10553
10554
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15

20

25

30

35

40

45

50

55

SUBROUTINE SIPAl

SIP KITH COMMON 76L2A - FORWARD SUBSTITUTION

TOP LAYER IN L.CMC, MIDDLE IN LCMA, BOTTOM IN LCMB

GLOBAL PARAMETERS

INTEGER SC*FL,TODAY,ERFLAG,FINLTS
LOGICAL TKMCK,b'.St;L,CM,JSE:HMS,USt;BIU,MF6000,MF7000

l-Sr/LCPHl,LCK£L,LCSTR,L,CT,LCS,LCrK,LCTC,LCTK,LCEL, 
1LCFL,LCGL,LCV,L,CX1, 
2LCBOT,LCPtHM,
3LCTL,LC'rL<,LCSl,,L,CZCB,LCRATE,
4NV P N, NNPK, N N PC, NN PL, NNAL,,N*PR,N.'fPC,Ntf PL, tJWAL, TRACE, TODAY 

COMMON/KFSIZfc./USt:LCM,USERMS,USfc:BIO,MF6000,MF7000,N.>fDLCM, 
1LCMP1KC 150)

LOOP, R0«, COLUMN, LAYER POINTERS

COMMON/LOOPS/!, J,K,IO, JO,KO, I1,J1,K1,I2,J2,K2

TIME RELATED SCALARS

COMMON/TSCAL/CDLT,DK;LT,DELTMI ,DAYS,DAYSP,HRS,SMIN,SUM,SUMP,TMAX,
1YRS,YRSP 

ITERATION AND TIME PARAMETERS

LOGICAL L1TSIP,LITPIS,MBALPR,CNVHG
COMMO^/nPAKH/Kt'.M, 1 I . N PtR , N UMT , HODPR , MBALPR , ITH AX , I TMX 1 , NKHOP, 
1HHOPC20) p ^iAX,CNVRG,lTTSC200),DAMP,LITSIP,LirPIS

I/O FILES

INTEGER HDUMP,BAKIN,6AKOUT,PRFILE,QBSFIL 
COMrfU,M/iOFlLe/HUUMP,MErA,BAKIN,BAKOUf , 1 NFI LE , PRFILE , OBSFIL

1/0 POINTERS

LOGICAL LDGRDA,LOGRDB
INTEGF.R LFN(2),LUG(2),LFB(2) ,LOP(2) ,NBL(2),NXT(2)
COM«ON/10PTR/LFNA,L,F'NB,L3GRDA,LOGhUB,L,FNTBR,LFNTHh,LFBOFA,LFBOFB, 

lLOPA,LOPH,NbLPA,NBLPti,NXrA,NXTB
EQUI»/ALENCfc:CLKN,L,FNA) , (LOG,LOGKUA) , ( LFB , LFBOFA ) , (LOP, LOP A) 
EaUlVAL,t;MCECNBL,NBLPA), (NXT,NXTA)

OPTION DEFINITIONS

LOGICAL HIABLE,RCHRG,TRLEAK,EQN3,EQN4 
COMMON/UPTUEF/WTABL,E,TRLEAK,KCHRG,eQN3,LON4

GRID SIZES

LEVEL 2,DELX,DELY,DELZ,DELXI,DELYI,DELZ1,FACTX,FACTY,FACTZ

10555
10556
10557 
1055«
10559
10560
10561
10562
10563
10564
10565

10567
10568 
1056*
10570
10571
10572
10573
10574
10575
10576
10577
10578
10579
10580
10581
10582
10583
10584
10585
10586
10567
10588
10589
10590
10591
10592
10593
10594
10595
10596
10597
10598
10599
10600
10601
10602
10603
10604
10605
10606
10607
10608
10609
10610
10611
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60

65

70

75

80

95

100

105

110

COMMON/ DKLXYZ/DELXC lt>0),l>ELY{150),UELZ(150),DELXI(150),DELYl(150), 
lDEL2I(lbO),FACTX(lbO),tACTY(150),FACTZ(150)

COMPUTATIONAL INTERMEDIATE SCALAKS 

COMMON/CJSCAI,/K,D,F,H,KHO,KH01,HH02,RHQ3 f SU,Z 

SPECIFIC YIELD AND SPECIFIC STOHAGE

LEVEL 2,SY,SS
COMMON /SVSS/^V i 1 ^n\ c^( \K.n\

MAXIMUM HEAD CHANGE POINTERS

INTEGER
LEVEL 2,H1G1 , HI GJ , 6 IGK , DLHDMX
COMMON/ttli;i/BlG,BlGT,W
COMMON /til vs 2/elGl Cb01),HIGJ(501),blGK(501),DLHOMX(501)
COMMON/HI Vk/NK, NRH,N TUT, NADUC 20) , NRCC20), 05(20), RU (20) , K FLOW (200), 
1UMAX(200J,RFLU«1200),RIVER(200),TQ(200),VK(200),IKOX(2,200),QH

20 BOTTOM AND PERMEABILITY 

COMMON/bOTPRM/bOTTOMU, 1),PERM(1, 1) 

RECHARGE

LEVEL 2,&«E 
COMMON/rftCH/OREC 20, 20)

WATER SURFACE

LEVEL 2,WSUR 
COHrtON/KSURF/«rSUR( 20, 20)

RIVERS

LEVEL 2,(vHA
COMMON/K1 VK2/UKAC 20, 20)

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2, HXA,HXB,HXC 
COMMON /LCM A/HXh( 8 000) 
COMMON/LCMB/HXCC8000) 
COMMON/LCMC/HXACBOOO) 
INTEGER KO*,COL 
LOGICAL TOPMST 
IF(TRACE)CALL PKENT ( "S1PA1 " )

LOOP FROM 1.NNPL - SKIP FIHST + LAST NODE OF EACH ROrf + EACH COL

GRID LOOP IS COLS WEST TO EAST
KOrfS NORTH TO SOUTH
LAYERS BOTTOM TO TOP 

NEND=NNPL-2*Nf»PR 
LFKTNsNwPR+l-NVPN

10612
10613
10614
10615
10616
10617 
1061B
10619
10620
10621
10622
10623
10624
10625
10626
10627
10628
10629
10630
10631
10632
10633
10634
10635
10636
10637
10638
10639
10640
10641
10642
10643
10644
10645
10646
10647
10648
10649
10650
10651
10652
10653
10654
10655
10656
10657
10658
10659
10660 
• 06t 1 
10662 
J0663
10664
10665
10666
10667
10668
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115

120

12'

130

135

140

145

150

155

160

165

170

DO 99999 LOOt>=l,NEND

LOCATION IN HX OF FIRST MORD OF THIS NODE

SKIP FIHST AND LAST COLUMNS OF EACH ROW

COL=MOO(LOt)F>,NNPR)
IFC.NOT. (COL.GT.l)) GO TO 99998

SKIP IF NODE OUTSIDE AQUIFER ( T = 0 )

IFC.NOT. (HXB(LFWTNtLCT) .NE.O. AND. HXb ( LFriTN+LCS ) .GE.O.) ) GO TO 9999 
17

CALCULATE COEFFICIENTS D , F , B , H , SU , 2 , OR , RHO

ROW = LFhTN/NrfPR-f 1

NORTH

B = HXB(LFwrNi-LClC-N«PH)*DELYl(ROrt)

EAST

F=HXB(LFwTN+LCTR)*DELXI(COL)

SOUTH

IF(EQN3)SU=SU*DELZI(K) 
C
C DOWN 
C 
99996 Z=0.

JF(.NOT.(K.NE.l)) GO TO 99995

D=HXB(LF*TN+LCTR-NVPN)*DELXI(COL) 

UP

SU = 0.
1FC.NOT. (K.NE.KO)) GO TO 99996
SU = HX«(Lh wTN + LCTK)

IFCfRLEAKJ/^Z+KXCCLFwTK+LCTLK) 
1F(EUN3)Z=Z*DELZI(K)

STORAGE

CALCULATE kriO FOR NODE FOR CONFINED, FOR WATi:R TABLE AND FOR NODE 
CHANGING FROM ONE TU THE OTHER.

10669
10670
10671
10672
10673
10674
10675
10676
10677
10678
10679
10680
10681
10682
10682
10683
10684
10685
10686
10687
10688
10689
10690
10691
10692
10693
10694
10695
10696
10697
10696
10699
10700
10701
10702
10703
10704
10705
10706
10707
10708
10709
10710
10712
10713
10714
10715
10716
10717
10718
:c?:y
10721 
10/22
10723
10724
10725
10726
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lib

180

99*95 SUBS=0.
OLI> = HXHU.FwTN + LCPrtI ) -HXB ( LFrt FNf LCX I ) 
1F(.NOT.(.MOT.wIAbbt)) GO TO 99993 
RHU=riXB( l,K«I 
GO TO 99994

190

195

200

205

210

215

220

225

KATER TABLE - TOP LAKER

IFC.NOT.(K.EO.KO)) GO TO 99991

GS TO 99992

WATER TABLE - INTERIOR LASERS

PHl = HX»(Lc'«TN-H,CPHI)
TOP = HXB(Lr rtlN+LCBOT)* DELZ(K)
1F(.NOT.(OLD.GL.TOP.AND.PHI.GE.TOP)) GO TO 99989

C
c
C
99993

C
C
c
99991

GO TU 99990 
99989 IFC.NOT.(OLD.LE.TOP.AND.PHI.LE.TOP)) GO TO 99987

kHt) = Sy (K) /DELI
GO TO 99988

99987 1F(.NOT.(OLD.LE.PHI)) GO TO 99985 
C
C RISING WATER LEVEL 
C

SUBS = (SnK)-HXH(LFrfTN + LCS) )/DELT* ( OLD-TOP )

GO TO 999B6 
C
C FALLING WATER LEVEL 
C
99985 SUfiS=(HXb(LFwTN>LCS)-SY(K) )/DELT* ( OLD-TOP) 

RHO = Sif(K:
99986 CONTINUE 

CONTINUE 
CONTINUE" 
CONTINUE

RECHARGE

TOPMST=(K.E3.KO)
IFC .HOT. (.NOT.TOPHST)) GO TO 99984

99990
99992
C
C
C
99994

99984 IFC.NOT.(XUPhST)) GO TO 99983

SIP NORMAL ALGORITHM - FORWARD SUBSTITUTE, COMPUTING INTERMEDIATE 
VECTOR V

C
C
C
C
99983 E=~B~D-F-h-SU-Z-RHO

IFt.NUT.(TKLKAK)) GO TO 99982 
1F(( 1 ).NL.(K)) GO TO 99980

GO TO 99981

10727
10728
10729
10730
10731
10733
10734
10735
10736
10737 
1C738
10740
10741
10742
10743
10744
10745
10746
10747
10749
10750
10751
10753
10754
10755
10756
10757
10758
10759
10761
10762
10763
10764
10765
10767
10768
10769
10770
10771
10772
10773
10774
10775
10776
10777
10779
10780
10781 
10783 
10 /H4
10785
10786
10787
10788
10790
10790
10791
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99980 IFC ( KO) . NK. (K) ) GO TO 99979
230

235

240

245

250

255

265

270

275

280

285

GO TO 99981 
999 7 9 E = K-HXB(LF*TN«-LCTIj)-»-HXB(ljFWTN-MjCTLK)-»-HXC(LFrfTN-»-LiCTbK)
99981 CONTINUE
99982 IMl=LFwTN-NrfPR 

IPl=Lr W

JPl=l.Fw

C = KL*HXB(iMl+LCELi) 
G = CL*HXB( JMl-f LCf-L) 
WU=CL*HAtU JMl-t-LCGL) 
U = BL*HXbCIMl-t-LCGL)

SKIP BOTTOM LAYER

IFC .NOT. (K.NE. 1 ) ) GO TO 99977
AL=Z/( 1 . + **CHXC(
A = AL*HXC(LKwTN-t.LCEL)
TU-AL*HXC(LFwrN-t-LCFL)

AL»HXCtLF«TN-t-L,CGL)

DL1=1./DL 
HXB(LF*TN-»-LCEL)=L)L,I*(F-«*(A + C)

-BL*HXb( IM1+LCFD-

IIXH'. LFwI4tLCGL,
SUPH=0.
IF(K.Nr:.KO)SUPH=SU*HXA(lJ F*TN^LCPHI)

CPHI)-0*HXB( JM H- LCPH I ) -E*HXB ( LFw IN tLCPHI ) 
-LCPH1 )-H*nXH( IP H- LCPHI ) -Z»HXC ( LFKTN + LCPH1 )

-SUBS

c 
c 
c
09977

DAMPEN RES BY DAMP FACTOR

RES=DAMP»KES 
HXB(LFftTNtl.CV)=DLI*(RES-AL*HXC(LF«TNtLCV)-BL*HXB(lMl-t-LCV)

-CL*HXri(JMi+LCV) ) 
GO TO 99978

BOTTOM LAKER ONLY

DL = E + W*(C + GtWLUU)-CL*HXB(JMl-t-LCEL)-BL*HXB(IMH-LCFL) 
DLJ=1./DL

SUPH=0.

rtXBl JM1 + LCPHI) -E*HXB ( LFwTN-t-LCPHl )

10791
10791
10792
10792
10794
10795
10796
10797
10793
10799

-HXB( LI- ATNtLC«t.L} -SUPH-CJrt
-SUbS

10801
10602
10803
10804
10805 
1080t> 
10807 
10608
10809
10810
10811
10812
10813
10814
10815
10816
10817
10818 
108?. 9
10820
10821
10822
10823
10824
10825
10826
10827
10828
10829
10830
10831
10832 
10834 
10H35
10836
10837 
10938 
i r> S i 9

10840
10841
10842
10843
10844
10845
10846
10847
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	10848
C 10849
C DAMPEN RES BY DAMP FACTOR 10850
C 108S1

290 KES = l)AKH*RES , 10B52
HXB(l.fKTNtlJ CV)=DLI*(RES-BL*KXB(IMl4-LCV)-CL*HXB(JMltLCV}) 1085J

9997H CUNflNUE 10855
99^97 CONTINUE 10B56
99998 CONTINUE 108S7

295 99999 CONTINUE 10857
RETURN 10B58
END *vZj9
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SUBROUTINE SIPA2

SIP WITH COMMON 76L2A - BACKWARD SUBSTITUTION

TOP LAYER IN LCMC, MIDDLE IN LCMA, BOTTOM IN LCMB

GLOBAL PARAMETERS

INTEGER SCMFL,TOr>AY,EKFLAG,FINLTS
LOGICAL ?"*.'>., USLIC" ,'"-' J J S , 'J c if ^ VJ , MFSCCC , MF7 000

Sl/LCPnl,LC«c.[J ,LCSrR,LCT,LCS,LCTR,LCTC,LCIK,LCEL, 
lLCKL,LCGb,LCV,LCXl, 
2LCBOT,LCPEKM,
3LCTL,LCTLK, LCSL , LCZCB , LCR A TE ,
4NVPN,N-»PK,NKPC,NNPL,NI<AL,N.yPR,N*PC,NtVPL,NWAL,TRACE,TODAY 
CUM MON/MfSlZd /USE LCM,USEK»4S,US£t!IO,hF6000,MK 7000, NKDLCM, 
ILCMPJR(lt)O)

LOOP, ROrt, COLUMN, LAYER POINTERS 

COMMON/LOOPS/ I, J,K,10 r JO,KO, I1,J1,K1,I2,J2,K2 

1TEKATION AND TIME PAKAMETERS

LOGICAL l.ITSIP,LITPIS,M»ALPR,CNVRG 
COMMON/nPARH/KP.Kr,IT,rJPb«,MUMT,hnDPR,MBALPR,ITMAX,ITMXl,MRHOP,
1RHUP(20),**AX,CNVRG,ITTS(200),OAMP,LITSIP,LITPIS 

GRID SIZE.S

LEVEL 2,DELX,De;LY,DELZ,DELXl,l)ELYI,DELZI,FACTX,FACTY,FACri 
CGMMON/DLLXYZ/DELXU50) , DEL Y ( 1 SO ) , DELZ ( 1 SO ) , DELXI ( 1 50 ) , DEL YI ( 1 50 } , 

,FACTX{150) .FACIV (150) ,KACTZ(150)

MAXIMUM HEAD CHANGE POINTERS

INTEGER B1GI,B1GJ,BIGK
LEVEL 2,falGI,BlGJ,BlGK,DLHDMX
COMMO(M/BIGl/blG,BlGT,»<
COMhON/rilG2/BIGl(b01 ),BIGJ(501),B1GK(501),DLHDMX(501)

CYBER-17b LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2, HXA,HXB,HXC
COMMON/LCMA/HXBC8000)
CDMMON/LCMH/MXCIBOOO)

INTEGEC COb
IF(TKACE)CALL PKENT C "SI PA2" )

LOOP FROM NNPL TO 1 - SKIP 1ST + LAST COL, KOW OF EACH LAYER

GRID LOOP IS LAYERS TOP TO BOTTOM 
COLS EAST TO WEST 
KO*S SOUTH TO NORTH

10860
10861
10862 
10«63 
10864 
10665
10866
10867
10668
10869

10871
10872
10873
10874
10875
10876
10877
10878
10879
10880
10881
10882
10883
10884
10885
10886
10887 
10CC8 
JOS89
10890
10891
10892
10893
10894
10895
10896
10897
10898
10899
10900
10901
10902 
10V03
10904
10905
10906
10907
1 v -y \j o

10909
10910
10911
10912
10913
10914
10915
10916
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IT1=IT+1
60

65

70

75

80

NEND=NNPL-2*NNPK
DO 9M999 LUOP=1,NEND

99995
99996

C 
C 
C

COL = MOD(LO()P,NNPK)
IF( .Nl)T.(COb.GT.n) GO TO 99998

SKIP IF OUTSIDE AQUIFER

IF( .NOT. (riXB(LF«TN+LCT) . NE . 0 . AND. HXB( LFKTN+LCS) .GE.O.)) GO TO 9999 
17

SET CORRECT COLUMN NUMBER

COL=NNPK-COL+1
JLV = LFrf rfNtLCV
JF( .NOT. (K.NE.KO)) GO TO 99995
GLV=HXH(LFwrN+LCGL)*HXA(ILV)
GO TO 99996
GLV=0.
HXb(ILV)=riXB(ILV)-HXB(LFwTN-i-LCEL)*HXB(ILV + NVPN)

90

C
C 
C
99994

99997 
99V9B 
99999

SAVE LARGEST HEAD CHANGE

TCHK=ABS(HXB(ILV))
IF( .NOT. (TCriis.GT.riIG)) GO TO 99994
hJGKIf 1 )=LFwTN/NrfPR+l
BIGJCITl)=COb
BIGK(IT1)=K
dIG=TCHK
BIGT=HXBCILV)

ADJUST PHI

wTF^ + LCPHDsHXBCLFrtTNf LCPri I ) +HXB( ILV)

100

COWTINUE
CONTINUE
CONTINUE
RETURN
END

10917
10918
10919
10920
10921
10922 
1092J
10924
10925
10926 
*<J*2 i 
10928
10928
10929
10930
10931
10932
10933
10934
10934
10934
10935
10936
10937
10938
10939
10940
10941
10942
10943
10944
10945
10946
10947
10949
10950 
1095)
10952
10953
10955
10956
10956
10957
1095.8
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10

20

25

30

35

40

45

c
c
c
c
c
c

c
r
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

SUBROUTINE WTTRAN

COMPUTE T,TR,TC FOR UNCONFINED HYDROLOGIC UNITS

GLOBAL PARAMETERS

INTEGER SCMFL,TUDAY,ERfr LAG.FINLTS'
LOGJ CAL TKACb,USr.LCM,USh;KMS,USt;RIG,MF6000,MF7000
COMMUN/Gl.cUJ KV/Ci'SURK,EKFLAG,FlNLTS,LCMFL,SC*FL,^ERBIG
COMMON/VUFFST/LCPhl , LC*EL, LCSTR, LCT, LCS, LCTH, LCTC, LC'f K, LCt-L.

1LCFL,LCGI.,I,CV,I,CXI,
^LCriOT, LCPEHM ,
3LCTL,LCTLK,LCSL,LCZCB,LCKATE,
4NVP.4,NNPR,N,MPC,N.\PL,NHAL,N*'PR,MWPC,NWPL,NWAL,TRACE,TODAY
COMMON/MKS12F./USELC«,USe«MS,USEblO r MF6000,MF7000,NWDLCM,
1LCMPTRC 150)

LOOP, ROh, COLUMN, LAYER POINTERS

COMMON/LOOPS/I, J,K,IO, JO,KO,I1 ,J1,K1,I2,J2,K2

ITERATION AND TIME PARAMETERS

LOGICAL LITSIP,LITP1S,MBALPR,C\VRG
COMMOSi/nPARM/KP,KT,IT f NPER,NU^T,MODPR,MBALPR,irMAX,ITMXl ,NRHOP,
1KHOPC20) , «MAX,C*VRG,ITTSC200) , DAMP , LI TSI P, LITPIS

OPTION DEFINITIONS

LOGICAL *TAbL,E,HCHRC,TRLEAK.EQ'J3 f EON 4
COMMON/UP I DEI- /WT ABLE, TRLcAK,RCriRG,EON3,EQN4

RESTART POINTERS

LOGICAL SEt,RES,RESTRT,RSPTPP,RSRTTS,RSRTIT
INTEGER OU'IVSN
COMMO?l/RvSTPTR/SELRES,RESrRT,RSRTPP,RSRTTS,RSRTIT,lNVSN(2) ,
10UTVSNC2)

GRID SIZES

LEVEL 2,UbLX,DFIJ Y,DELZ,DfLXl,D<i:LYl ,DELZI,FACTX,FACTY,FACTZ
COMMON /DbLXYZ/HbLXC 150),DE;LY(150) ,DELZ( 150),DELX1C150),DELY1(150),
1DELZIC150),FACTXC 1 50 ) , FAC fit ( 1 50 ) , F ACIZ ( 1 50 )

I/O FIF.ES

INTEGER HDUMP,HAKlN,BAKOUf,PRFILE,OBSFIL

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2,HXA,HXR,HXC
COMMON/LCHA/HXA(8000)
COMMON /LC«H/HXh( 8 000)
COMMON /LCKC/HXCC 8 000)

10959
10960
10961
10962
10963
10964
10965
10966
10967
10968
10969
10970
10971
10972
10973
10974
10975
10976
10977
10978
10979
10980
10981
10982
10983
10984
10985
10986
10987
10988
10989
10V90
10991
10992
10993
10994
10995
10996
10997
10998
10V99
11000
11001
11002
11003
11004
11005
llOOto
11007
^ i 'I O M

11009
11010
11011
11012
11013
11014
11015
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60

65

70

75

85

90

95

100

105

110

C 
C 
C 
C 
C 
C 
99999

99998 
C 
C 
C

LOGICAL CALZ,CALC

JF(TKACt:)CALL PRENT ( " W7TR AN " ) 
IF( .NOr.(USLtUO) ) GO TO 99999

POSITION FILES AND RESET FILE POINTERS

CALL UUFKOF(LFNTB«O 
CALL BUFREw(LFNTBrt) 
CALL HUFKEmKLFNl'BK) 
iie.nPr=Lr"«Tnw 
LFNTH*=LFNTBR 
LFNTHR=iTEMPF

FILES NO* POSITIONED FOR PROCESSING

CALCULATE NEW T, TR,TC FOR rfATER TABLE PROBLEMS

CALL LOCLEV(KO)
CALL BUFIN(HXA,"HXA",N1N,KO)
CALL LOCLEV(Kl)
CALL BUFIrt(HXB,"HXB",NIN,Kl)
CALL LOCLEVCKO-2)
CALL BUFlN(HXC,"HXC",NIN,KO-2)

FORCE NO TK CALCULATIONS

= .f ALSL-. 
KLAST-i 
MLOOP=0 
K=KO 
JF( ,NOT.(K.GE.l)) GO TO 99997

CALCULATE ONLY ON LAYERS .GE. KLAST

CALC=K.GK.KLAST 
MLOOP=MLOOP+1 
HODML=MOD(MLOOP, 3)

BRANCH TU APPROPRIATE LOGIC

HXC IS MIDDLE LAYER

IF((0) .NE.(KODML)) GO TO 99995
CALL LOCLEV(K-l)
CALL Bl)FUJT(HXA,"HXA",NJUT,

C
C 
C 
99994

CALL uUFJN(HXA,"HXA",UlN,K-l) 
iF( .NOT. (CALO) GO TO 99994 
CALL TKANS(HXB,riXC,HXA) 
CALL TCOFKCCHXC/K)

HXA IS MIDDLE LAYER 

GO TO 99996

11016
11017
11018
11019
11020
11021
11022
11023
11024
11025
11026
11027
11028
11029
11030
11031
11033
11034
11035
11036
11037
11038
11039
11040
11041
11042
11043
11 044
11045
11046
11047
11048
11049
11050
11051
11052
11053
11054
11055
11056
11057
11058
11060
11061
11062
11063
11064
11065 
«"66 
11067 
11066
11069
11070
11073
11074
11075
11076
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lib

120

12b

130

135

140

145

150

160

165

170

9999b IFC(l).Nfc.(MODML)) GO TO 99993
1F(.HOT.{K.NK.KO)) GO TO .99992
CALL LOCLEV(K-l)
CALL BUFOUT(riXI5, "HXB",NOUT,Kf 2) 

99992 IFCCALZ. AND . CA|,C ) CALL TCOFZ(HXA,HXC,K)
IK(rv.N'f:.ivO)CALiL BUF1N(HXU, M HXB",N1N1 ,K-1)
lr'( .NL»T. (CALO) GO TO 99991
CALL TKAN3CHXC,rtXA,BxB)
CALL TCUFKC(HXA,K)

C
C
C
99991
99993

HXB IS MJUULE LAYKR

GO TO 99996
1K((2),NK.(MGDML)) GO TO 99990
IF(.NOT.(K.hE.Kl)) GO TO 99989
CALL LOCLEV(K-l)
CALL BUK-OUT(HAC,"HXC",NOUr,K + 2) 

99989 IFCCALZ.AND.CALOCALL 1'COFZ ( HX U , HX A , K )
JF(K.NK.i\l )CALL BUFIN(HXC,"HXC",NIN,K-1)
1F(.NOT.ICALC)) GO TO 99988
CALL TKANS(rtXA,HXB,HXC)
CALL TCUFRC(HXB,K) 

99988 CONTINUE 
99990 CONTINUE
99996 K=K-1

GO TO 99998 
C 
C 
C
99997

STOKE BOTTOM LAYERS ON MASS STORAGE

DO 999«7 LCOP=1,2
KL=3-LOOP
MLOOH=KO-KL+1
MOI)ML = MOD(«LOOP,3)
IF((0) ,NK. C*iOl)ML)) GO TO 99985
CALL BUI-OOT(HXC,"HXC",NOUT,KL)
GO TO 999«t> 

9998b IFCC1 }.Nf.(MODML)) GO TO 99984
CALL riUFUUT(hXA,"HXA t1 ,NOUT,KL)
GO I'D 9998b 

99984 IF((2) . Nt.. (MODML)) GO TO 99983
CALL BUFOUT(HAb,"HXB M ,NOlJT,KL) 

99983 CONTINUE 
9998b CONTINUE 
99987 CONTINUE

1F(.NOT.(USEB10)) GO TO 99982 
C
C POSITION FILES AND RESET FILE POINTERS 
C

CrtLL BUFEOFCLFNTB*)

CALL BUFkrXLFNTBR)

LFNTBR=ITEHPF

FILES NOW POSITIONED FOR PROCESSING

11076
11077
11078
11079
11081
11082
11083
11084
11085 
11088 
i 1089
11090
11091
11091
11092
1 1093
1 1094
11096
11097
11098
I 1099 
11100
II 103
11103
11104
11105
11106
11107
11108
11109
11110
11111
11112
11114
11115
11117
11117
HUB
11 120
11120
11121
11123
11124
11124
11125
11126
11127 
11 128 
11129 
lii*0
11131
11132
11133
11134
11135
11136
11137
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11139
99982 RETURN 11140 

END
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10

15

20

25

30

35

45

50

OVERLAYCFD3D,1,0) 
PROGRAM DATAIN

INITIALIZE ALL ARRAYS AND VARIABLES

*CALL ALL COMMON BLOCK COMDECKS

DUMMY COUPON BLOCKS IN LEVEL 1 (SCM) AND LEVEL 2 (LCM). 
Tui/SK KliL'fKS MUST o.ppi.-&t> T MMEPT ftTf-r.Y AFTFB /l,C M C/ TN MftjM

AND MUST PRECEDE ALL UTHLR SCM AND LCH COMMON BLOCKS.

LEVEL 2,FKSTDM2 
COMMON /FHSTL1C/FRSTDM1 
COHMUN/FRSTL2C/FRSTDM2

GLOBAL PARAMETERS

INTEGER SCMKL,TODAY,E.RFLAG,FINLTS
LOGICAL rKACt-:,USELCK,USF.RMS,USEBIO,MF6000,MF7000

, VERUIG

1LCFL,LCGL,LCV,LCX1, 
2LCBUT,LCPtKM,
3LCTL, LCT1J K,LCSL,LC^CB,LCRATE,
4NVPN,NNHK,NNPC,N;<PL,NNAL,N»PR,NWPC,NrfPL,NWAL,TRACE,TODAY 

COMMUN/MfSIZE/USLLCM,USEKMS,USt:bIO,MF6000,MF7000,NHDLCM,

LOOP, ROw, COLUMN, LAYER POINTERS 

COMMON/LOOPS/ I, J,K, 10, JO,KO r 1 1 , J 1 , Kl , 12 , J2 , K2 

TIME RELATED SCALARS

COMMOrv/TSCAL/CDLT,DELT,DELTMl,DAYS,DAYSP,HRS,SMlN,SUM,SUKP,TMAX, 
1YRS,YRSP

ITERATION AND TIME PARAMETERS

LOGICAL LITSIP,LITPIS,MBALPR,CNVRG
COMMON/1 iPARM/KP,Kf, IT, NPER,NUMT,MODPR, MBA LPR,ITMAX,ITMX1,NR HOP, 
1RHOPC20) ,««AX,CNVHG,ITTS(200) , DAMP , LITSI P , LITPIS

OPTION DEFINITIONS

LOGICAL KTABbfc:,RCriKG,TRLKAK f EQN3,LQN4

HEADINGS

INTEGER HEAONG, VNAME 
COMMON/rtOG/riEALNG(14),VNAME(25)

I/O POINTERS

11141
11112
11 143
I 1144
11145
11146 
11U7
11148
11149
11150 
i » i 51
11152
11153
11154
11155
11156
11157
11158
11159
11160
11161
11162
II 163
11164
11165
11166
11167
11168
11169 
1J 170
11171
11172
11173
11174
11175
11176
11177
11178
11179
11180
11181
11162
11183
11184
11185
11186
11187
11188
«••*•» Q

11190
11191
11192
11193
11194
11195
11196
11197
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LOGICAL LOGRDA,LOGRDB
INTKJEK LFn(2) , LUG( 2),LFrt(?),LJP(2),NBL(2),NXT(2)
COM«Urf/JU?lR/LM<A,LeNB, LJGRDA, LO^k OB , LFN THK , LFN f 8* , LFBOF A , LFBOFB

E;)U1 VALKNCE(LH«,l,FNA) , ( LOG,LJGKDA) , ( LFB , LFBOF A ) , CLOP, LOP A)

65

70

75

85

95

100

lOb

110

I/O FILES

INTEGER HDUMp,BAKI?J,BAKOUr,PRFILE,OBSFIL

RECORD MANAGER FILK POINTERS

INTEGER TRFIT,TRBUF 
COMHON/TKFILF./TRFIT(35) , TRBUFUOOO)

MASS STORAGE FILE POINTERS 

C[)«MOM/HSF1LE//".SFIT(35),RMSBUF(1000)
CDMMOiV/Mi>bUfH/FIKSRM,LASr«M,NXFER,SCMBUF(2000) 
INTEGER FIRSRM

RESTART POINTERS

LOGICAL Sf-:LRES,KESTRT,RSRTPP,RSRTTS,RSRTIT 
INTEGER OUTVSN- 
COMMONVRSrprR/SELRES,RESTRT,RSRTPP,RSRrTS,RSRTIT,INVSNC2) ,

LISTING/DUMP POINTERS

LOGICAL D*PIT,l).MPTS,DMPPP,DMPVAK,PriIDMP 
1 ,UMf HI V 
COMMUN/DMHPTR/DMPIT , DMPIS , DMPPP, DMP V AR , PHIDHP
1.DMPRIV

GRID SIZE'S

LEVEL 2,UELX,DELy,DELZ,DELXI , DEL If I , DELZ I , FACTX , FACTY , F ACTZ 
COMMON/Dc.LXYZ/i)t.LX(lbO),OEL.y(lbO),DELZ(150),DELXI(lbO),DELyi{150), 
lD£LZI(lbO),tACrX(lbO),FACrif{lSO),FACrZ(lSO)

MASS BALANCE RATES

COMMON /C(< R A TK/CFLUX,CFLXCri,CriDl,CHr>2,ErFLUX, FLUX, FLU XS , FLXN , FLXP , 
1PUMP,PUMPCH,UREFLX,STOR,SUMR,SUM1,SUH2
2.FLXR,FLXKN,FLXRP

MASS BALANCE VOLUMETRIC TOTALS

COMMON /Ch VOLT /CFLUXT,CFXCHT,CHDT,CHST,ETFLXT,FLUXT,FLXNT,FLXPT, 
lPMPCHr,PUMPr,ORt;T,STORT 
2,FLXRK'T,HjXRPT 
J, POTLl,TOrL2

MASS BALANCE - OTHER ARRAYS AND VARIABLES

11198 
1119V
11200
11201
11202
11203
11204
11205
11206
11207
11208
11209
11210
11211
11212
11213
11214 
J1215
11216
11217
11218
11219
11220
11221
11222 
1)223
11224
11225
11226
11227 
J1228
11229
11230
11231
11232
11233
11234 
1)235
11236
11237
11238
11239
11240
11241
11242
11243
11244
* « 7A«i

11246
11247
11246
11249
11250
11251
11252
11253
11254
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115

120

130

135

140

145

150

155

160

165

170

COMMON /CK AH RY/llPKLOW( 100) , FRlCLAY ( 1 00) 

SPECIFIC YIELD AND SPECIFIC STORAGE

LEVEL 2,SY,SS 
COMMUN/SYSS/SY( ISO), SS(150)

COMPUTATIONAL INTERMEDIATE SCALARS 

rnMMON/ClSCAL/H.D.F,H.RHO.RH01.RH02,RH03,SU,Z 

MAXIMUM HEAD CHANGE POINTERS

INTEGER BIGI,B1GJ,B1GK
LEVEL 2,ttlGl,bIGJ,BlGK,0LHDMX
COMMON /BlGl/BlG,BIGT,tf
COMMON/bIG2/BlGl(b01),BiGJ(501),BlGK(501),DLHDMX(501)

SPEC1FIED-HEAD DATA

LEVEL 2 ,CHFLO*,FLEAK,IJKFLO 
COMHUN/ChDAri/NCH,NCHAVA,NOVCH,KTKFLO 
COM^ON/CriuAT2/CilH,UWC 400),FLEAK( 400),IJKFLO( 400,3)

LIST/MAP CUBES

INTEGER LOKM,CUBDEF
LEVEL 2,ICUBEG,iCUEND, JCUbEG, JCUEND , KCU3EG , KCUEND , LORM , XFPI , YFPI , 

ICUKDEFrCDWIM , bASEV,PLCriAh
CL)MN',OW/CUbE31/NCUBES,NPCH
COMMON/CUdr.S2/ICUBt.G(bO),rcU EN 0(50), JCUBEG (50), JCU EN DC50), 

!KCUbEG(bO),KCUEND(bU) , LORM ( 50 ) , XKPI ( bO) , YFPK50) ,CUBOEF(50), 
2CC)NINT(bO),BASKV(bO) , PLCriAR ( 4 , 20 )

HYDROGRAPHS

LEVEL 2, JHYO, JH YD , KH YD , TH Y D , CONH YD , SCAHY D , HYD, H INIT , TINI T 
COMMON /HYGl/f<HGRAF, NTS
COHMUM/Hi'G2/IHYO(10) ,JHYD(10),KHVD(10),THYD(100),CONHYD(10), 
lSCAriYDCli)),HYD(10,100),HINITC10),TINIT

OBSERVED HYDROGRAPH DATA

LEVEL 2,IHYDOB,NPTOB, JH YUDB , KHY DOB, THYDOB , HYDOB 
COMMON /HYGUBl/NHGDB
COMMUN/hYGOri2/InyDOB(10),JHYDOB(10),KHYDOB(10),THYDOB(10,100), 

IriYDOBCIO, 100) ,NPTOB(10)

PUMP1NU U«1M

LEVEL 7, m, JW,KW,LOCWN,WELVAL
LOGICAL WELZRO

Mpur /!/!«( 100) , Ji«( 100) , K»( J 00), LOC«N ( 100 ) , WfLV AL( 1 00) 
C01MON/HIVR/tJK,NHN,NTUT.NADD(20).NKC(20),uS(20),RO(20),KFLOi«l(200) 
10f*AX(200),KFLL)rt(?00),RIVER(200),TU(200),VKC200),lNDX(2,200),aR

11255
11256
11 2 5 7
11258
11259
11260
11261
11262
11263
11264
11265
11266
11267
11268
11269
11270
11271
11272
11273
11274
11275
11276
11277
11278
11279
11280
11281
11282
11283
11294
11285
11286
11287
11288
11289
11290
11291
11292
11293
11294
11295
11296
11297
11298
11299
11300
1 1301
11302
11303 
i t *r>4
11305
11306
11307
11308
11309
11310
11311
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175

180

185

190

195

200

205

210

215

220

225

2D BOTTOM AND PERMEABILITY 

CDMMON/BOTPRM/HOrTOMl1,1),PERM(1,1) 

RECHARGE

LEVEL 2,ORE 
COMMON/RECH/QREC 20, 20)

*ATER SURFACE

LEVEL 2,wSUR 
COMMON/wSUKF/rtSURC 20, 20)

RIVERS

LEVEL 2,URA
COMMON/HIVR2/ORA( 20, 20)

RECORD MANAGER BUFFERS FOR LEAKAGE FROM CONFINING BEDS

LEVEL 2,RMA,RMtt
COMMON/T KAMI/MODE
COMMON/1RAK¥/RMA(4000),R.MB(4000)

DUMMY CUKMUH BLOCKS IN LEVEL 1 (SCM) AND LEVEL 2 CLCH). 
THESE BLOCKS MUST APPEAR IMMEDIATELY BEFORE /L3STOR/ IN MAIN 
PROGRAM ANU MUST FOLLOW ALL OTHER SCM AND LCM COMMON BLOCKS.

LEVEL 2,LASTDM2 
COMMON/LASTL1C/LASTDM1 
COMMON/LASrL2C/LASTDM2

DEFINITION OF LCM LEVEL3 VARIABLES. THIS MUST FDLLO* ALL LEVEL2,

LEVEL3,i>TRLCM
COMMON/L3STOR/STRLCMC1)

LEVEL3,LAS1DM3 
COMMON/LASTLC3/LASTDH3 
END OF LEI/EL3 DEFINITIONS

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS

LEVEL 2,HXA,HXB,HXC 
COMMON/LCMA/HXAC8000) 
COMM(JN/LCMH/HXb(8000) 
row MOM /i.rxr/HXCf ft 000)

VARIABLE INPUT STORAGE - FLDI,VALI ARE LIMITED TO NrfPL SIZE

INTEGER FLOI,PPNT,FIELDS(26)
LEVEL 2,1- LUI, VALI,PRNT
EQUIVALENCE (rtAA,PRM),(HXB,FLDI),(HXC,VALI)
DIMENSION fLD1(20,1),VALI(20,1),PRNT(20,1)

11312
11313
11314
11315
11316
11317
11318
11319
11320 
11 321 
11322 
i j 32 3
11324
11325
11326
11327
11328
11329
11330
11331
11332
11333
11334
11335
11336
11337
11338
11339
11340
11341

11343
11344
11345
11346
11347
11348 
1134*
11350
11351
11352
1 1353
11354
11355
11356
11357
11358
11359
11360 
J 1 3 6 1
11362
11363
11364
11365
11366
11367
11368
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230

235

240

245

250

255

260

265

270

275

280

285

c
c
c

c
£

c

c
c
c

c
c
c

c
c
c

c
c
c
c

c
c 
c
c
c
c
c

REAL VALS*M(200)
INTEGER S* M B(2()0),1BEG(200),IENO(200),JBEG(200),JEND(200),

1KBEG(200),KLND(200)
COMMON/VSUATA/SYMB.VALSYM

LOCAL AND TEMPORARY VARIABLES

INTEGFR HLANK.MSGUKFIELD.FIELDI
INTEGER KU*,COL
1NTEGKR Tri.. SOB,OHSFRM(8) ,OBSfXT(8)
LOGICAL n)i>iiH<;_ r\ pnuc
REAL CMri(l)
EaUIVALKMCKCC^BfCFLUX)
LOGICAL Lr'LAG(40),DMPlNT,PH15Er,ONLYIN,RECMPL,ZRMbAL,ERROR
LOGICAL FIMSH
LOGICAL RIVERR
EOIH\/ALENCE(IU,UROW) , (JO, NCDL) , (KO,N LAYER)

SCONTROL NAHELIST

NAMELIST/CONTKOL/RESTRr,RSRTPP,RSRTTS,RSRTIT,SELRES,RECMPL,
1US E LC M, U SEHlU,USt,K'HS,PriIS£r,PHIL>«P,W£LZRO, DM PINT, ONLYIN, TRACE,
2MF7000,MFbOOO,DMPir,DMPTS,DMPPP,L>rtPVAK,ZRMbAL,DHPRlV

S1NLIST NAMELIST

MAKELIST/INLIST/NVPN,NROW,NCOL,NLAYER,NNPL,NNAL,NWPL,N*<AL,
1LCPHI , LC*EL,LCSTK, LCT,LCS,LCTK,LCrC,LCrK,LCEL,LCFL,LCGL,LCV,LCXl,
2LCHOT, LCPEkM,
2LCrL,LCT(.K,LCSL,LCZCB,LCRATE,MBALPR,DAMP', MODE, MODPR, WTADLE,
3TRLEAK. ,KCrtHG,fc,(,'N3,EON4,NMEH,CLSURL,NHHD&J ,WMAX,HriOP,IlMAX, NPCH,
40FAC,Dt.LX,DELl , Ut LZ , FACTX , FACT Y , KACTZ , SS , SY , NCUBE5
5, NK,N«C,N ADD, UMAX, RIVER, VK,Kvi,JNl>X

SRIVLIST NAMELIST

NAML-;LlST/RIVLIST/NR,NRC,NADD,Ra,INDX,RlVER,VK,QMAX

DATA STATEMENTS FOR LOCAL VARIABLES

DATA DMPJ NT,PHISET,ONLY1N,RECMPL,ZRMBAL/5(.FALSE.)/
DATA LFLAG/40C. FALSE.)/
DATA BLANK, KSG/5C" ")/
DATA OHSh KM , UBSTXT/ 1 6 ( " ")/
DATA FIHUdS/. TRUE./

DECK STHUCTUHL FUR SIMULATION RUN
* = USE UivLY rtriKN KF.STAkTING FROM bAKIN FILE
S = USE ONLY xHKN CREATING BAKOUT RESTART FILE

BLOCK 1 CYBLR-176 CONTROL CARDS

JOHNAME,TXXXX,ST17b,ELYYYY. (XXXX=OCTAL CP SECONDS)
ACCOUNTC .. .) (YYYY = K UCTAL LCMFL, K = 1000)
AITACH(FDJD,PtH«FILENAME,ID=..,,MR=l)

*ATTACM(tiAKli»,Kt.STARTPERH FILENAME, I D=...,HR = 1)
KFL(ECS=YKYY)

11369
11370
11371
11372
11373
11374
11375
11376
11377
11378
11373
11380
11381
11382
11383
11384
11385
11386
11387
11388
11389
11390
11391
11392
11393
11394
11395
1 1396
11397
11398
1S399
11400
11401
11402
11403
11404
11405
11406
11407
11408
11409
11410
11411
11412
11413
11414 
11415
11416
11417

11419
11420 
11421
11422
11423
11424
11425
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290

29b

300

305

310

315

320

325

330

335

340

FILE(BAKIN,SBF=NO) 
F1LEC BAlsOUT ,SBF = NO) 
FILE(HDUMP,SBF=NO)
LD,SET(FlLES = HDUMP/BAKiN/&AKOUT) 
FD3D.

$CATALOCUbAKOUT,«ESrARTPfc:RMFlLENA'4E,ID=...,PW = ...,R 
7/8/9 (OVERPUNCH IN COL 1)

BLOCK 2

RESTRT=.T. , 

RSKTpP=.f . ,

RSRTTS=.X. , 

RSRTIT=.T.,

SELRES=.T. ,

RECMPL=.T. ,

USELCM=.T., 

USEBIO=.T. ,

USERMS=.T.,

PHISET=.T., 

PHIDMP=.f., 

WELZRO=.T.,

DMPINT=,T.,

SCONTROL DEFINITIONS

.TRUE. IF RFSTART OF SIMULATION FROM FILE
"BAMN" IS DESIRED, OTHERWISE .FALSE.
USED ONLY «riLN " K ESTK1=.T. M AND THE RESTART
SHOULD BEGIN AT NEW PUMPING PEK10D. THIS IS
DEFAULT FOR "KLSTRT=.T."
USED ONLY isriLN "RESTRT=.T." AND THE RESTART
SHOULD BEGIN AI SPECIFIED TlMESl'EP KlIHIN
EXISTING PUMPING PERIOD.
USED ONLY rfHEN "RESTRT=.T." AND THE RESTRT
SHOULD BEGIN AT SPECIFIED ITERATION WITHIN
EXISTING IIMESTEP.
.TRUE. IF RESTART SNAPSHOT FILE "BAKOUT" IS TO
BE WRITTEN AT 'I HE END OF THIS SIMULATION.
UStD ONLY fcriEN M HES1'HT= .T." AND THE PROGRAM HAS
BEEN RECOMPILED SINCE FILE "BAKIN" WAS WRITTEN.
NO COMMON BLOCKS FROM FILE "rtAMN" ARE LOADED
INTO MEMORY, HOKEVER ALL LA VERS/ARK AHS ARE.
SIMULATION rfILL S*AP LAYERS TO/FROM LCM LEVEL3.
THIS LIMITS TriK SIZE Ot THE SIMULATION GRID,
BUT EXECUTES FASTEST AND CHEAPEST. "USELCM=.T."
IS THE DEFAULT.
SIMULA1ION rfILL SrtAP LAYERS TO/FROM SEQUENTIAL
FILES M TAPE21" AND "TAPE22". THE SIMULATION
GRID MAY BE EXTREMELY LARGE, BUT I/O CHARGES
WILL BE HIGH. -USEblO-.T. M AFFORDS A MEASURE
OF PROTECTION FROM MACHINE FAILURE SINCE
"SNAPSHOTS" OF THE SIMULATION MAY RESIDE ON
MAGNETIC TAPES.
SIMULATION rflLL SdAP LAYERS TO/FROM RANDOM MASS
STORAGE (DISK), USING CYBER WORD ADDRESSABLE
RECORD MANAGER SOFTWARE. THE SIMULATION GRID
MAY BE EXTREMKLY LARGE AND I/O CHARGES WILL BE
CONSIDERABLY LESS THAN WHEN M USEBIO=.I.", BUT M
MORE THAN H JSC:LCM=.T. " .
INITIALIZES -STR" TO "PHI" PRIOR TO
BEGINNING SIMULATION.
CAUSES "PHI" TO BE WRITTEN TO FILE "HDUMP" AT
THE END OF EACH PUHP1NG PERIOD.
WHtN "W£LZRiJ=.T. " , PUMPING RATES ARE SET TO
ZERC i^LTOKL ,;~.. PUHPi.'.'G KATiJii ARC .'I^AD ,'.T T'.'.Z
BEGINNING OF A NEW PUMPING Pt-RlOD.
«HEN "wELZKO=.F.", PUMPING RATES READ AT THE
BEGINNING OF EACH PUMPING PERIOD ARE ADDED TO
EXISTING PUMPING RATES.
CAUSES A LISTING OF ALL LAYER ARRAYS TO BE
PRINTED AFTER INITIALIZATION, BUT BEFORE

11426
11427
11428
11429
11430
11431
11432
11433
11434
11435

11437 
1143B
11439
11440
11441
11442
11443
11444
11445
11446
11447
11448
11449
11450
11451
11452
11453
11454
11455
11456
11457
11458
11459
11460
11461
11462
11463
11464
11465
11466
11467 
1146B
11469
11470
11471
11472
11473
11474
11475 
! 1 ". 7fc
11477
11478
11479
11480
11481
11482
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345

350

355

360

365

370

375

380

385

390

395

c
c
c
c
c
c
c
c
c
c
r
C
C
C
C
C
C
C
C
C
C
C
c
c
c
c
c
c 
c
c 
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
L

c
c 
c
c
c
c
c

ONLYIN=.
TRACK=.T

MF7000=.

MFoOOO=.

ZRMBAL=.

CAUTION:

DMPRIV=.

DMPIT=.T

DMPTS=.T

DMPPP=.T

DMPV'AR=.

SEND

BLOCK 3

NOTE: THl
TU

COL 1
COL 11

COL 21
COL 31

BLOCK 4

SJNLIST
NVPN=. . .
NROWr . . .
NCOL=. . .

NLAYER=.

SIMULATION.
T., CAUSiLS EXKCUTION TO STOP AFTER INITIALIZATION.
., CAUSES VOLUMINOUS DEBUG PRINTING TO OCCUR.

USU) ONLV fttiK.N THACMNG DO*N PROGRAMMING ERRORS
T., DEFAULT IS .TRUE. IDENTIFIES CDC-7bOO OK

CUC Cl'bEk 17b AS MAINFRAME.
f., DEFAULT IS .FALSK. IDENTIFIES CDC-bbOO OR

CUC CYBER 70-74 AS MAINFRAME.
T., INITIALIZES ALL MASS BALANCE VAKIABLES TO ZERO.

TnIS IS NECESSARY ONLY wHEN M RhSTkT= . T. " AND
Viili MCCTjf rii •/ j.j p n _ n i_i f C'J M-U L A TI V t "A£S D'l^.'-CC

AND TIME BtFOHt HESTART1NG.

USE OF THE FOLLOWING DUMP fLAGS MAY GENERATE
VOLUMINOUS UUTPUT.

T., HP1NT THE R1VEK VARIABLE "ORE" AT THE START OF
EACH TIME STEP.
PRINT ALL DATA OR PUMP DATA AT END Of EACH
1TEKATION.

.,P RINT ALL DATA OH PUMP DATA AT END OF EACH
TIME STEP.

., PRINT PUMPING RA1ES FOR ALL ACTIVE PUMPING
NODES AT START OF EACH PUMPING PERIOD.

T., &KLC.CTS PrflNT OF ALL DATA rfHEN " DMPIT = . T . " OR
"DMprS=.T."

RESTART FILE DEFINITIONS

S CAKD MUST APPEAR ONLY WHEN sELRES AND/OR RESTRT IS SET
.TKUt. IN SCUNTKOL. SEE BLOCK 2 ABOVE.

"BAK1N"

(BLANKS) WHEN R ESTR T= . FALSE . OR
WHEN RLSTRT-.TRUE. AND BAKJN HAS BEES ATTACHED
OK KLOUES1ED *ITH CONTROL CARDS.

VSN=..... */HEN PROGRAM IS TO REQUEST RAKIN. C.....) IS
VOLUME SERIAL NUMBER OF BAKIN MAG. TAPE IN
KAFtJ LIBRARY.

"BAKOUT"

(BLANKS) «!HEN SELRES= . FALSE . OR
wHtN SELKES=.TRUE. AND BAKOUT HAS BLEN
REuUESIED AS A »PF OR MAG. TAPE WITH CONTROL
CARDS.

PF WHEN PROGRAM IS TO REQUEST A PERMANENT FILE
J-OR BAKOUT.

VSN=..... *riEN PROGRAM IS TO REQUEST A MAG. TAPE FOR
BAKOUT. VSN=..... IS KAFB LIBRARY LOCATION.

SINL1ST DEFINITIONS

...
, NUMBER OF VARIABLES PER NODE
, MJMbKR OK KO«S IN GRID (EQUAL TO IO,NNPC)
, ^UMfAKR OK COLUMNS IN GRID (EQUAL TO JO.NNPR)
.., NUMBER OF LAYt-RS IN GklD (EQUAL TO KO)

11483
11484
11485
11486
11487
11488
1148*
1 1490
11491
11492
:n?3
11494
11495
11496
11497
11498
11499
11500
11501
11502
11503
11504
11505
11506
11507
11508
11509 
11510
11511 
11512
11513
11514
11515
11516
11517
11518
11519
11520
11521
11522
11523
11524
11525
11526
11527
11528
11529
11530
11531
11532 
11533 
11534
11535
11536
11537
11538
11539
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400

405

410

415

420

425

430

435

440

445

455

NNPLr..., NUMBER OK NODES PER LAYER (NROW*NCOL)
NNAL=..., NUMBER Of NODES ALL LAYERS (NNPL»NLAYER)
N*PL=..., NUMbER UF KGRDS Pt.R LAYER (NNPL*NVPN)
N«AL=..., NUMBER Ut- wOWDS ALL LAYERS ( N«PL* NL AVER )
LC...=..., LOCATION OF NVPN VARIABLES RELATIVE TO FIRST WORD

OF EACH NODE 
MBALPR=..., TRUE *HEN MASS BALANCE PRINTOUTS ARE DESIRED EACH

MODPR-I'rt TIKESTtP
MODPR=..., SEE MBALPR ArtOVE. OF.FAULT VALUE IS 5. 
KCHRSr..., SET TO .TRUE. IF RECHARGE IS USED 
wTABL,E=. .., St/f TO .TRUE. FUR */ATER TABLE PROBLEM 
£QN3=...r SE1 'iu . jKUt.. run uSlNb t.UUATIOr< 3 i3u»). 
eur«4=... r SET TO .TRUE. FO^ USING EQUATION 4 (MULTI-LAYER)

KUN3 AND F.JN4 AKE MUTUALLY EXCLUSIVE.
TRLEAK=..., SET 1 (J .TRUE. FOR LEAKAGE FROM CONFINING LAYERS 
NPEK=..., NUMBER OH PUMPING PERIODS 
CLSURE=..., CLOSURE CRITERION
NRHOP=..., NUMI'-ER OF RHDP ITERATION PARAMETERS 
KKAX = ..., USER DEFIinEU M w" FOR CALCULATION OF RHOP 
KriOP=.,.,., USER DEFINED ITERATION PARAMETERS
1TMAX=..., "AX1MUM NUMBER OF ITERATIONS ALLOWED PER TlMESTEP 
NPCH=..., NUMBER OF PLOT CHAHAC'lERS IN ALPHANUMERIC MAPS 
DELX=.,.,., NODE SIZES IN X DIRECTION 
in;LV=.,.,., NODE SIZES IN Y DIRECTION 
1>ELZ=.,.,., NODE SlZt-S IN Z DIRECTION 
DAMP=..., USCiLLATION/HEAD DAMPING FACTOR 
FACTX = ..., X DIRECTIONAL TK AN.SM 1SS1 V IT Y MULTIPLIER 
FACTY = ..., Y DIRECTIONAL TRANSMISSI VITY MULTIPLIER 
FACTZ=..., Z DlKECTlONAL TKANSK 1 SSI V ITY MULTIPLIER 
HUDE=..., NUMbFR OF MOOES FOK LEAKAGE FROM CONFINING BEDS 
SS-.,.,., SPECIFIC S10KAKE FUR EACH CONFINED LAYER 
SV=.,.,., SPECIFIC YIELD FOR EACH UNCONFINED LAYER 
NCUHES = ..., NUMBER OF OUTPUT CUtJfcS TO BE RETAINES

TtiE DEFAULT IS TO LEAVE NCUBES UNCHANGED
FROM THE KUN «11ri " SELRF.S= . T . , "
JF THESE CUBES AKE NO LONGER DESIRED,
THEY CAN BE ELIMINATED BY SETTING NCUBES=0.

OFAC=.,.,., WELL PUMPAGE MULTIPLIER FOR EACH TYPE OF WELL 
NR=..., NUMBER OF RIVErf REACHES 
NRC=.,.,., NUHbEK OF NODES IN i^ACH RIVER REACH 
NADD=.,.,., DESTINATION NODE LUCATION FOR OUTPUT FLO« FROM EACH

RIVER REACH
OMAX=.,.,., MAXIMUH INFILTRATION RATE FOR EACH RIVER NODE 
RIVER=.,.,., ELEVATION OF RIVER BOTTOM FOR EACH RIVER NODE 
VK=.,.,., VERTICAL CONDUCTIVITY UF EACH RIVER NOOE 
RU=.,.,., HUTIAL R1VEK FLOU (FT**3/SEC) OF EACH KIVER 
INL>X = .,.,., KOw, COLUMN PAIRS OF EACH RIVER NODE 
SEND

BLOCK 5 (OPTIONAL) SIMULATION HEADER CARDS

NOTE: THIS BLOCK MAY BE USED TO DEFINE A 132-COLUMN PAGE-TOP 
HEADER.

THE FIRST CARD OF THIS BLOCK MUST BK: 

CUL1="HEADER"

11540
11541
11542
11543
1 1544
11545
1 1546
11547
11548
11549
11550
11551
11552
11553
11554
11555
11556
11557
11558
11559
11560
11561
11562
11563
11564
11565
11566
11567
11568
11569
11570
11571
11572
11573
11574
11575
11576
11577
11578
11579
11580
11581
11582
11583
11584
11585
11586
11587 
1158H
11589
11590
11591
11592
11593
11594
11595 
1159b
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460

465

470

475

480

485

490

495

500

505

510

c
c
c
c
c 
c
c 
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c 
c
c 
c
c
c
c
c
c
c
c
c
c 
c
c
c
c
«_
c
c
c
c
c
c

TWO CARDS, UP TO 132 CHARACTERS, OF PRINT HEADER INFORMATION.
TwO CAROS MUST lit' USED, EVEN *HEN ONE IS BLANK.
COL1 = "END" TERMINATES BLOCK 5.

BLOCK b (OPTIONAL) SYMriOL DEFINITIONS.

NOTE: SYMBOLS CONSISTING OF ONE, TWO OR THREE CHARACTOR STRINGS
MAY bE DtfrlNfJD rflfH ASSOCIATED NUMERIC VALUED. THESE SYMBOLS
MILL rt l: USED IN bLOCKS 7,B,9 TO INITIALIZE ARRAYS AND SCALE
FACTORS frOK MAPS. LISTS. riYUROGRAPHS.

ALTHOUGH BLOCK b IS OPTIONAL, IT MUST BE IN YOUK INPUT
STRLA* IF A"Y OF BLOCisS 7,«,9 ARE USED.

THE FIRST CARD OF THIS BLOCK MUST BE:

COL1 = "SYMBOLS"

COL 1-3 CHARACTER STRINGS OF UP TO 3 CHARACTERS.
COL n-20 CORRESPONDING; NUMLRIC VALUE ro BE ASSOCIATED WITH THE

STRING SPECIFIED IN COL 1-3.
THE NUhbER MAY BE INTEGER, REAL, OR SCIENTIFIC NOTATION
AS SHOwN IN EXAMPLES BELOW:

HD1 1000.
LCP 0
Tl 1.357E-6
25 25
Z 0.
feIG 9.9E99
CH -i.
COM = "END" TERMINATES BLOCK 6.

BLOCK 7 (OPTIONAL) 3D ARRAY DEFINITIONS

NOTE: CARDS IN THIS BLOCK CONSIST OF 2b FIELDS AND ARE USED TO
SET VALUES AS DEFINED 1M BLOCK 6 INTO MODEL ARRAY LOCATIONS.
IK THIS BLCCN IS USED, BLOCK 6 HUST HAVE PRECEDED TO DEFINE
SYMBOLS.

THE FIRST CARD OF THIS BLOCK MUST BE:

CDL1 = "3D INPUT"

FIELD CARD-COLS DEFINITION

1 1-3 BEGINNING ROW OF CUBE
2 4-6 ENDING ROrt OF CUBE
3 7-9 BEGINNING; COLUMN OF CUBE
f 10 - 12 tnuiN<.ii cuuuMfx ur V_UD£
5 13 - IS KEGINHlNG LAYER OF CUBE
6 16 - IB ENDING LAYER OF CUBE

NOTE: WHEN BEGIN AND t-ND APE BOTH BLANK, BEGINNING IS SET TO "1"
ANO ENDING IS SET TO 10, JO OR KO AS APPROPRIATE.
WHEN BEGIN OR END IS BLANK, BUT THE OTHER IS NON-BLANK,

11597
11598
11599
1 1600
11601 
11602
11603 
11604
11605
160b
1807
1608
1609
1610

11611
11612
11613
11614
11615
11616
11617
11618
11619
11620
11621
11622
11623
11624
1162b
11626
11627
11628
11629
11630 
11631
11632 
11633
11634
11635
11636
11637
11638
11639
11640
11641
11642 
11643
1 1644
11645
11646
i io<«7
11648
1 1649
11650
11651
11652
11653
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515

520

52:

530

535

540

545

550

555

5bO

565

570

THt. BLANK VALUE IS SET T3 THE NON-BLANK VALUE. 
ERRORS DCCUK IF hND IS GREAlhR THAN BEGIN, IF EITHER IS 
NEl.ATlVe., UK IF EITHER IS GREATER THAN 10, JO OR KO AS 
APPROPRIATE.

7
8
9

10
11 
i 2

13
14
Ib
Ib
17
18
19
20
21
2?
23
24
2b
26

NOTES
1.

COL1 =

BLOCK

NOTES:

19 - 20
21 - 23
24 - 2b
21 - 29
30 - 32
3^ - 3b 
jo — jo

39 - 41
42-44
4b - 47
4b - bO
51 - 53
54 - bb
57 - 59
bO - 62
63 - 6b
66 - ofa
69 - 71
72 - 74
7b - 77
7b - 80

NOT USED.
SUMBOL REPRESENTING VALUE
SYMnUL Kr.PRESt.njMG VALUE
SYMBOL REPRESE-J1 ING VALUE
SYMBOL REPREi>E<Jfirto VALUE
SYMBOL REPRESENTING VALUE

SiMBOL REPRtSENfJNG VALUE
SiMttUL REPNt.SLN 1 JtUG VALUE
SYMBOL REPRESENTING VAL.UE
SY<bOL REPRESENTING VALUE
SYMBOL REPRESENTING VALUE
SYMBOL REPRESENTING VALUE
SYMBOL REPRESENTING VALUE
SYMBOL Rt,pKhSt\ flNG VALUE
SYMBOL REPRESENTING VALUE
SU'BOL REPRESENTING VALUE
SYMBOL KEPKESEMING VAbUE
SYMBOL REPRESENTING VALUE
SYMBOL REPRESENTING VALUF.
SYMBOL REPRESENTING VALUE

FOR
FOR
FOR
FOK
FOR 
r'uK

FOR
FOR
FOR
FOn
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VAR1 ABLE 
V AKi ABLiC,
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE

0
1
i
3
4
3

6
7
8
9

10
1 1
12
13
14
15
16
1 7
18
19

IN
IN
1 N
IN
IN 
1 N

IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN

NODE.
NODE.
NODE.
NODE.
NODE. 
NOLt,.
NODE.
NODE.
NODE.
NODE.
NODE.
NODE.
NODE.
NODE.
NODE.
NODE.
NODE.
NODE.
NODE.
NODE.

ON FIELDS 7-26:
FIELDS LEFT BLANK CAUSE NO INITIALIZATION OF ARRAYS
RELATIVE

"END"

8

1 . THIS
INITIAL

POSITION rflTMIN A NODE.

TEtiKINATES BLOCK 7.

IN THAT

(OPTIONAL) 20 ARRAY DEFINITIONS

BLOCK IS USED ONLY WHEN THE USER DESIRES ro
1ZE TrtE 20 ARRAYS "PERM", "BOTTOM" OR "ORE".

2. FIELDS 1-6 ARE IDENTICAL TO BLOCK 7

THE FIRST CARD

COL1 =

FIELD

1-6
7

9-20

COL1 =

BLOCK

OF THIS BLOCK MUST BE:

DEFINITIONS.

M 2D INPUT"

SYMBOL

PRH
BOX
ORE

"END"

9

DEFINITION

SAME AS BLOCK 7.
PERMEABILITY VALUE-SYMBOL IS IN
BOTTOM ELEVATIONS FOR TOP LAYER
RECHARGE VALUE-SYKtfOL IS IN
NUT USED.

TERMINATES BLOCK 8.

(OPTIONAL) CUBE DEFINITIONS

FIELD 8.
ARE IN FIELD 8.

FIELD 8.

11654 
11655 
11656 
11657
11658
11659
1 1660
11661
1 1662
1 1663
11664 
1 1665
1 1666
11667
11668
11669
11670
1 1671
11672
11673
11674
11675
11676
11677
1 1678
11679
11680
11681
11682
11683
1 1684
11685
11686
11687 
11688
1 1 (* G QI 1 oo y 
1 1690
11691
11692
11693
11694
1169b
11696
1169/
11698 
llt>99
11700
11701
11702
11703
11704
11705
11706
11707 
11708
11709
11710
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575

580

585

590

600

605

610

615

620

62b

NOTES> 1. THIS BLOCK IS USED DULY WHEN USER DESIRES TO DEFINE 
OUTPUT CUHE LISTINGS, MAPS OK HYDROGRAPHS. 
1. IF USED, BLOCK b MUST HAVE PRECEDED THIS TO DEFINE 
SYMBOL VALUES.

THE FIRST CARD UF BLOCK 9 MUST BE: 

COL1 = "OUTPUT CUBES" 

FIELD SYMBOL DEFINITION

1-6 SAME AS BLOCK 7. HYDROGRAPH CUBES »ILL INCLUD 
ONL* THE FIRST NDDE OF ANY CUoE DEFINED.

7 "CUB" DEFINE LIST AND/OR KftP OURPUT CUBE.
8 A SYMBOL MUST HE DEFINED IN BLOCK b AND USED HERE. 

IT MUST REPRESENT ft NUMBER FROM 0 THRU "NVPN-1" AND 
DEFINES WHICH OF THE "NVPn 1* VARIABLES TO TT BE 
OUTPUT. FOR EXAMPLE, IF "LCPHI=0" THEN A SYMBOL 
WITH THE VALUE "0" MAY BE USED IN FIELD 8 TO 1MDICAT 
THAT A LIST/MAP OF "PHI" IS DESIRED.

9 "LST" A PRINTER LIST OF THE FIELD 8 VARIABLE WILL BE
PRODUCED. 

10 "ALL" ONLY whEN "LST" IS SELECTED, THIS SYMBOL SELECTS A
PRINTOUT OF ALL NVPN VARIABLES FOR EACH NODE. 

9 "MAP" ALPHANUMERIC CONTOUR MAP WILL BE PRODUCED, CYCLING
"NPCH" PLOT CHAf-ACTfcRS THROUGH THE CONTOUR INTERVALS 
SYMBOL FOR X SCALE (FEET PER INCH) 

FOR y SCALE (FEET PER INCH)
10
11
12(DPTIONAL)S*MBOL FOR CONTOUR INTERVAL (FEET). DEFAULT=10. 
13(DPTIO'JAL)SYH00L FOK tiASE ELhVATION (FEED. DEFAULT =0.

'LAM" 
•DDN"

•SUR 1

"riYD*

•LOG"

'LIN'

'DHY 1

'DBS'

COM = "END'

10

LIST AND MAP. FIELD 10 MUST NOT BE "ALL".
SAME AS "CUB" EXCbPT THAT FIELD 8 IS LEfrX BLANK.
PRODUCES LIST/MAP OF DRAWDOWN.
SA»*E AS "CJfa" EXCEPT THAT FIELD 8 IS LEFT BLANK.
PrtODUCt-S LIST/MAP UF UNCJNFINED *ATER SURFACE.
hYDROGRAPH PLOT IS PRODUCED AT END OF JOB.
SYMBOL FOR VERTICAL SCALE (FEET PER PR1N1ER LINE).
HORIZONTAL SCALE IS TO BE LOGARITHMIC. SYMBOL IN
MELD 10 *ILL DEFINE INCHES PEH LOG CKCLE.
HORIZONTAL SCALE 1 .S TO bE LINEAR. SYMBOL IN
HELD 10 *ILL DEFINE DAYS PER INCH.
HOKIZONTAL SCALE SYMBOL FOR "LOG" OR "LIN".
DAYS PER INCH wHtN FIELD 9 IS "LIN"
INCHES PER LOG CYCLE WHEN FIELD 9 IS "LOG"
SAME AS "H*D" EXCEPT 1HAT A DRAWDOWN HYDR03RAPH IS
PRODUCED.
READ OBSERVED HVDROGRAPH DATA FROM
hYDROGRAPH ALREADY DEFINED BY "Hi'D 1

•OBSFIL" 

OR "DHY
FOR

TERMINATFS BLOTK 9.

COL1 = "ENDOFCUBES" TERMINA1ES BLOCKS b-9.

NJTE: THE "ENDOfCUBES M CAHD MUST BE PRESENT IN ALL DECKS, WHETHER 
BLOCKS h-9 ARE USED OR NOT USED.

11711
11712
11713
11714 
1)715
11716
11717
11718
11719
11720
11721
11722
11723
11724 
H72b
11726
11727
11728
11729
11730
11731
11732
11733
11734 
1173b
11736
11737 
1173«
11739
11740
11741
11742
11743
11744 
1174b
11746
11747
11748
11749
11750
11751
11752
11753
11754
11755
11756 
117b7
11758
11759 
l 1760
11761
11762
11763
11764
11765
11766
11767

760
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630

b35

640

64b

650

655

660

66b

670

67b

680

BLOCK 10 SNEWPP NAMELIST - PUMPING PERIOD DATA

NOTE: SNt.wPP IS HEAD AT THE BEGINNING UF f.ACri OF 
PKKHIUS. WHEN "NWEL" IS NUN-ZERO, "SNEXELL 
"KOd", "COL" OK "LAYER" = ZERO. 

SNEwPP 
KP=..., PUMPING PERIOD

ZERO IF NO wELLS, NON-ZERO IF rfELLS FOLLO*
TIME LENGTH Ot PUMP PERIOD
NUMBER OF TIME STEPS IN PUMP PERIOD
CONSTANT DELT MULTIPLIER
TIME CHANGE

NPEH" PUMPING 
IS READ UNTIL

SNE*ELL NAMELIST - fcELL PUMPING DATA

NWEL=..., 
TMAX=..., 
NUMT=.. . , 
CDLT=..., 
DELT=..., 
SEND

BLOCK 11

NOTE: SNEWELL IS READ ONLY WHEN "NrfFL" IS NON-ZERO OR BLANK, WHEN 
THIS NAMELIST IS kEAD REPEATEDLY UNTIL "RO*", "COL" OR 
"LAYEk" EQUALS ZEHD. iVHEN "wELZKO" (SEE BLOCK 2) IS .TRUE., 
OLD PUMPING DATA IS ZEROED OUT BEFORE NErf DATA IS READ.
*HEN "rtt-LZRO" is .FALSE., OLD PUMPING DATA is ACCUMULATED

NEW DATA.

PUMPING RATE (FT**3/SEC) (-)=DISCHAKGE, Ct)=INJfCT
KUrf OF HELL NODE (I)
COLUMN UF «ELL NODE (J)
LAyER UF WELL NODE (K)
TYPE OF *ELL (SEE UFAC IN BLOCK 4)

NAMELIST - RIVER FLOrf DATA

COL=..., 
LAVKH=... 
OTYPE=... 
SEND

BLOCK 12

HOIE: SNEWklV IS HEAD AT THE START OF EACH PUMPING PERIOD ONLY 
KriEN "NR" IS GREATER THAN ZERO.

NUMBER OF RIVER REACHES (OPTIONAL)
RIVfcR FLO* (FT**3/SEC) FOR EACH RIVER REACH

NR=..., 
R0=.,., . 
SEND

NOTE: BLOCKS 10,11,AMD 12 AS APPROPRIATE ARE PROCESSED
EACH PUMPING PERIOD UNTIL "KP" IS GREATER THAN "NPER", OR 
UNTIL AN ERROR CONDITION IS ENCOUNTERED.

BLOCK 13 

6/7/S/9 OVERPUNCHED IN CC 1.

VERBIG=1.E99 
DAMP=1.
CALL DATE(TODAY) 
CALL REMARK(" ")

11768
11769
11770
11771
11772
11773
11774
11775
11776
11777
11778
11779
11780
11781
11782
11783
11784
11785
11786
11787
11788
11789
11790
11791
11792
11793
11794
11795
11796
11797
11798
11799
11800
11801 
11602 
11803 
11304 
11805 
11606 
11B07
11808
11809
11810
11811
11812
11813
11814 
llblS 
11816 
11217 
1181* 
11819
11620
11621 
11822 
11H23 
11824
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685

690

700

70b

710

715

720

725

730

735

740

CALL REMARtv("OPERATOR - TO t.ND PROGRAM, PLEASE SWITCH")
CALL REMAKKC" SWITCH,! STOPS AFTER ITERATION")
CALL RF.MAKM" SWITCH,2 S1UPS AFTER T1MESTEP")
CALL REMAKKC" SWITCH,6 DISPLAY'S SIMULATION STATUS")
CALL REMARKl" ")
CALL REMAKKC'OpriONS DEFINED FDR THIS RUN")
CALL R r M A R *. (" H )
WRll'ECPkFILE, 1000)" " 

1000 FOkMATC1 !", 1 3A10, A2)

! SET DEFAULT: I'SELC"". TP.'JE,

USELCM=.TRUE. 
USERMS=.FALSE. 
USEBIO=.FALSE.

: READ NAMELIST SCONTROL FOR RESTRAT INSTRUCTINS. 
! SCONTROL IS DESCRIBED IN BLOCK 2 COMMENTS ABOVE.

READCIHF1LE,CONTROL)
IF(IPACE)CALL REMARK("TRACE OPTION IS ON.")

: IF RESTRT Ort SELRES IS TRUE, READ FILE CARD DESCRIBED IN COMMENTS 
! AS INPUT "BLOCK 3"

IF( ,f«OT. (RtSTRl .OR. SELRES) ) GO TU 99999 
READ(INFILE,1001)lNVSN,OUTVSN

1001 FORMAT(HAIO) 
999yq IF( .NOT. (KESTP»T) ) GO TO 99997

CALL RE«Ah<("THIS RUN IS A RESTART.")
IF( .liDT. ( HUSN(2) ,EU." " . OR . I N VSN ( 2 ) . EO . " VSN= " ) ) GO TO 99995 
WKITECPRFILK, 11)02) "KE<SI Art f tlLE bAKIN HAS BEEN REQUESTED OR ATTACH 

1ED Blf THK USERS CONTROL CARDS."
GO TO 9999b

99995 wRITECPRFlLE,1002)"RESTART FILE ",INVSN(2)," WILL BE REQUESTED BY 
A PROGRAM."

1002 FQRMATtIX,13A10)
CALL ROUEST(5LHAK1N, M PE", M E","NORING",INVSN(2),0,0,0,0) 

C
C SAVE SCONTKOL POINTERS AND FLAGS SO THEY ARE NOT OVERWRITTEN. 
C 
99^96 N = [,OCF(MF7000)-LOCF(USELCH)

CALL MOVLEv'CUSELCMjLFLAGCDjN)
N A = LOCFC OUT VSi^( 2) )-LOCF (SELRES)
CALL HOVLEV(SEI,KES,LFLAG(N-t-l),NA)

CALL MOVLhV(DrfPIT,LFLAG(N+NA+l) ,NB)
NEXT = N-t-NA-t-Nb-t- 1
LFLAG(NEXT)=RECMPL

LFLAG(Nc.XT+?)=PHISET 
l-t-J)=WKLZRO

11825
11826 
11B27 
11628
11829
11830 
Ilb31 
11832 
11B33 
11834 
Il'o30 
11836 
11«37
11838
11839
11840
11841
11842
11843
11844
11845
11846
11847
11848
11849 
11B50
11851
11852
11854

LFLAG(NEXf+5)=TRACE

t/OAD COMMON BLOCKS INTO SCM AND LCM UNLESS RECMPL IS TRUE.

11056 
Iid57 
1 1 8 5 V 
11859 
11661
11862
11863
11664
11866
11867
11868
11869
11870
11871
11872
11673
11874
11675
11876
11677
11878
11879 
118PO 
11881 
1 1882
11883
11884
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745

750

755

760

765

770

775

780

785

790

795

1F(.NOT.(KKCMPL)) GO TO 99993 

SKIP CUMMUN BLOCKS

CALL, RF.MArtK.C'PKOKRAM RECOMPILE OPTION SELECTED.") 
CALL KKhfcKK ("COMMOiJ rtUJCKS SKIPPED UN BAKIN.") 
UO 99992 LDOP=1,2 
CALL HI)t-bKl(UUH,UUM,HXA(l),HXA(2),l)

99992 CONTINUE
GO TO 99994 

C
c
C
99993

C 
C
c
99994

LOAL) sen fnEu i,Ch v- 0 ,-. ri u ni DUO Civ 3

CALL hUFHKl(FKSTl>Ml,LASTD*U,HXA r HXA,0)
CALL (iUI-KM(l)UM ,DUM,FRsrOM2,LASTOrt2,l)
CALL REMARKC"CUMMUH ttLOCKS LOADED t ROM BAKIN.")

RESTORE SCUNTROL POINTERS AND FLAGS.

CALL MOVLEV(LFLAG(1),USELCM,N) 
CALL MOVLEV(LFLAG(N+1),SELRES,NA) 
CALL

99997 
9 « 9 9 H

99-V9U 
9V991

C
C
c
99989 
C 
C 
C

KESEI El!ROR FLAGS

ERFLAG=0
FINLTS=0
GO TO 9999H
CALL KKMAH^C'THiS RUN IS NOT A RESTART.'")
IF( .NOT. (SELHES) ) GO TO 99990
CALL REHAKKC'ThlS RUN *1LL ^RITE A BAKOUT FILE.")
GO TO 99991
CALL REMAHKfTHIS KUN WILL NOT WRITE A BAKOUT FILE,
Ic'C .NO)'. IHrUDMp) ) GO TO 99989
CALL REMAR*( "1H1S RUN rtlLL WRITE A HDUMH FILE.")

PRINT OUT SCUMTROL PROGRAM OPTIONS.

WRITF(PRKiLE,CONTROL)

ZERO OUT MASS BALANCE CUMULATIVE TOTALS AND RATES

IF(.NOT.(ZRMfaAL)) GO TO 99988 
N = LOCK(TO PL2)-LOCK(CFLUX) 
DO 99987 LOOP=1.N 
CKrtfLOOP)=0. 

999H7 CONTINUE 
KT = 0 
DELT=0. 
SUM=0. 
SMIN=0.

11885 
1 1886 
1 1B87 
11B88 
11889 
1 1890 
1 1B91 
1)892
11893
11894 
11896 
* 1 8 > •
11898
11899
1 1900
11901
11903
11904
1 1905
11906
11907
11908
11909
1 1910
11911
11912
11913
11914
11915
11916
11917
11918
11919
11920 
11922 
11924 
1192b 
1192b 
11928
11930
11931
11933
11934
11935
11936
11937
11938
11939
11940
11941
11942

11944
1 1945
11946
11947
11948
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800

805

810

815

920

825

830

835

840

845

850

855

HRS=0.
DAYS=0.
YRS=0.
DAYSP=0.
YRSP=0.
CALL, PKMARKfMASS BALANCE TOTALS, RATES SET TO ZERO.")

INITIALIZE RIVER ARRAYS UNLESS RESTARTING FROM RIVER RUN

TO 99996

C 
C 
C
99988 N=LOCF(Uk)-LOCK(NR)

T F ( (J KsTPT . 0K . N . LE . n * ''•'

N R N = 0 
NTOT=0

DO 9S985 1=1,N
NADD(I)=0 

999B5 CONTINUE 
C
C READ NAMELIST SINLIST, DESCRIBED IN COMMENTS FOR INPUT "BLOCK 4". 
C 
99^86 READdNFILE, INL1ST)

IF(NLAYbK.LE.0)wRJTE(PRFILE,1002)"KRROR. NLAYER (KO) IS .LE. ZERO'
lF(MCOL.EU.O.ANU.hNPR.bCJ.O)WRlTE(PRFlLE, 1 002 )" ERROR . NCOL (JO) IS 

1ZERO."
IF(NROW.EQ.O.AND.NNPC.E3.0)«RITE(PRFILE,1002)"ERROR. NKQ* (10) IS 

2ZERO."
IF(NVPN.EQ.O)WRITE(PRFILE,1002)"ERROR. NVPN IS ZERO."
JO = .V AXO(JO,NN'PR)
IO=HAXO(10,NNPC)
NNPK=JO
NNPC=IO

NWPC=NNPC»NVPN

NN*L=NNPL*KO 
ERROP=Nn AL.LE.O

ESTABLISH "LC---" OFFSET CONSTANTS IF NOT DEFINED BY S1NLIST

IF( .NQT. (NVPN. GT.O. AND. LCPHI.EO.O. AND. LCT.EO.O)) GO TO 99983
CALL RE«ARK("LC — OFFSET DEFINED bY PROGRAM.")
LCPHIrO

LCSTR=2
LCT = 3
LCS=4
LCTR=5
LCTC=b
LCTK=7
LCEL=B
LCFL=9
LCGL=10
LCV=11
LCXI=12

11949 
119t>0
11951
11952
11953
11954
11956
11957
11958 
J 1959 
;iS60
11961
11962 
U963
11964
11965
11966
11967
11969
11970 
11*71
11972
11973
11974
11975
11976
11977
11978
11979
11980
11981
11982
11983
11984
11985
11986
11987
11988
11989
1 1990
11991
11992
11993
11994
11995
11990
11997
11998
11999 
t '000
12001
12002
12003
12004
12005 
1200b 
12007
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860

870

875

680

865

890

895

900

905

910

99980

9997H

9997b

99977 
99979 
999 rfl 
99<»82 
999«3 
999fi4 
102b

C
C
C
99975
C
C
C

IFCNVPN.EU.13) GO TO 99982
1F{.NOT.(NVPN.EU.1b)) GO TO 99980
LCBOF=13
LCPERM=14
GO TU 999U1
IFC.Njr.CNVPN.EQ.18)) GO TO 99978
LCTL=13
LCTLK=14
LCSL=lb
l.CZCH=lb
LCRATE=17
GO TO 99979
IF(.NOT.(NVPN.EU.20)) GO TO 99976
LCBOT=13
LCPERH=14
LCTL=15
LCTLK=I6
LCSL=17
LCZCB=18
LCRATE=19
GO TO 99977
CALL RKhAKK("EKROR-INVALID NVPN DEFINED.")
ERROR=.TRUE.
CONTINUE
CONT]NUE
CONTINUE
GO TO 99984
CALL HEMAKK("LC-- OFFSET DEFINED BY USER.")
ENCODEOO, 102b. MSONVPN
FOKKAK14," VARIABLES DEFINED.")
MSG(4)=0
CALL REMARK(MSG)

OPEN LEAKAGE RECORD-MANAGER FILE IF NECESSARY.

1F(.HDT.(TRLEAK)) GO TO 99975
NWORDS=MODE*IO*JO
CALL RMCJPc;N(TRKlT,TRbUF,1000,NWOKDS,6LTRFILE)
CALL REMAKKC'LLAKAGE RM FILE OPENbp.")

DEFINF. NUMBER OF SPECIF1 ED-HEAD NODES AVAILABLE IN DIMENSIONS 

NCHAVA=LOCK(1JKFLO(1,2))-LOCFCIJKFLO(1,1)) 

ESTABLISH POINTERS FOR LCM STORAGE

IF(.NOT.CUSELCM)) GU TO 99973 
USEHMS=.FALSE. 
USEB10=.FALSE.
CALL Kfc.KAKK("THIS SIMULATION WILL BE RUN IN LCM.") 
DO 99972 1=1,KO 
LCMPTK(l)=CI-l)*NWPL4l 

99972 CONTINUE
H«DLCM=NwAL4LUCF(LASTDH2) 
GO TO 99974

I/O VERSION - RANDOM MASS STORAGE

12008
12009
12010
12011
12012 
12014 
1201b
12016
12017
12018
12019
12020
12022
12023
12024
12025
12026
12027
12028
12029
12030
12032
12033 
1203b
12036
12037
12038
12040
12042
12043
12044
12045
12046
12047
12048
12049
12050
12051
12052
12054
12055
12056
12057
12058
12059
12060
12061
12062 
1 ^06 3
12064
12065
12066
12067
12068
12069
12070
12071
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91b

920

925

930

935

940

945

950

95b

960

96b

C
99973 NWDLCM=LOCF(LASTDM2)

1F( .NOT.(DSt.KMS) ) GO TO 99970
USEhlO=. FALSE.
CALL Rf-:MARf.("THlS SIMULATION hILL BE RUN ON RMS.")
UO 999b9 1 = 1 ,KO
LCMPTK(I)=(1-1)*HWPL+1 

99s)b9 CONTINUE
GO TO 99971 

C 
C UUFFERED I/O VERSION - TAPE OR DISK

99970 IF( .NOT. ( USKBIO) ) GO TO 99967
CALL REMAKK( "iriis SIMULATION WILL USE BUFFER i/o.")
GO TO 99V6H 

9996? CALL RKMARM " ERR OR- 1 N Y AL I D MASS STORAGE USE."}
c:RkOK=.TRUE. 

99968 CONTINUE 
99971 CONTINUE. 
99974 NADLCM=MEM(l,

1003 t-ORMAT("LCMt-L SET TO ",07,"B (OATAIN)") 
M5G(4)=0 
CALL REMARK(MSG)

INITIALIZE MASS STORAGE FILE 

If(.NOT.(USERMSO) GO TO 99966

CALL RMOPEN(MSFIT,RMSBUt;i ,1000,NKPL,6LMSFILE)
CALL REMAKM"*aSS STORAGE WORD ADDRESSABLE FILE OPENED.") 

9996b IF(.NOT.(USEB10)) GO TO 99965 
C
C INITIALIZE BUFFER I/O FILES 
C

LFNTHR=LFNA=21
LFNThw=LFNB=22

MSG(4)=0
ENCODE(30,100b,MSG)LFNTBR,LFNTBW 

lOOb frOKMAf("TAPES",12," AND ",12," WILL FLIP/FLOP,")
CALL KEMAKMKSG)
CALL RE"IAKK("t-OR ARRAY MASS STORAGE.") 

C
C LOAD LAYERS 1-KO INTO MASS STORAGE IF RESTARTING 
C 
9996b 1F(.NOT.(RESTKT)) GO 1U ^^SD*

1F(USEBIO)CALL BUFREw(LFNTBK)
DU 99M63 11=1,NO
CALL bUFHM(1UUM,1DUM,HXA(1),HXA(NWPL),1) 
CALL BUf-'OUTC HXA, "HXA" , NIN, II) 

99963 CONTINUE
CALL REMARKC-ALL DATA LAYERS LOADED.")

12072
12074
12075
12076
12077
12076
12079
12080
12081
12082
12083 
» 2 0 8 4 
12086 
120H7 
12086
12090
12091
12093
12094
12095
12096
12097
12098
12099
12100
12101
12102
12103
12104
12105
12106
12107
12108
12109
12111
12112
12113
12114
12115
12116
12117
12118
12119
12120
12121
12122
12123
12125
12126
12127
« "> 1 ?M

12129
12130
12131
12132
12133
12134
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970

975

985

990

995

1000

1005

1010

1015

1020

1025

LOAD LEAKAGE/RM WORD ADDRESSABLE FILE

IF( .NOT.(IRLEAK) ) GO TO 99962
K1=KO-1
I AD=1-NWORDS
DO 999bl 1=1, Kl
DO 99960 0 = 1,2
DO y9959 11 = 1,25
HXA(I1)=0.

999t>0
99961

C 
C 
C
99962

C 
C 
C

CALL BUFHKJ ( I DU« , 1 UUM , HX A ( 1) , HXA(NWORDS) ,1)
IAD=1 AI.n-Nv.URDS
CALL RKPJT(rRFIT r IAD,NrtORDS,HXA)
CONTINUE
CONTINUE
CALL REMAKK("LEAKAGE KM FILE LOADED.")

RELEASE RESTART TAPE

CALL XUNLOAD(BAKIN)
IF( .NOT. (USEB10) ) GO TO 99958

POSITION FILES AND RESET FILE POINTERS

CALL BUFkOF(LFNTBW) 
CALL BUFKtXLFNTBW) 
CALL bUKKErf(

C
C
C
99958
C
C
C
99964

C 
C 
C 
C 
C 
C 
99956

LFNTOR=ITEMPF

FILES NOW POSITIONED FOR PROCESSING

CONTINUE

CHECK FOR FATAL INPUT ERRORS

IFC.NOT.(NwAL.LE.O)) GO TO 99956
KK1TM PKK1LE, 1002) "SIZE, PARAMETER (10 , JO , KO , N VPN ) IS ZERO."
STOP "SiPlN SIZE ERROR"
GO TO 99957

NO ERRORS DETECTED - PRESS ON

SET ALPHA OPTIONS IF THE VALUES AFTER NAMELIST ARE NON-ZERO

1F(.NOT.IMBALPR)) GO TO 99954
rtl.l, PKMAKKf "OPTION MASS BALANCE PRINT SELECTED.")
GO TO 99955

99954 CALL REMARK{"OPT1ON MASS BALANCE PRINT NOT SELECTED.") 
9S<y55 1F( .NOT. (KCHRG) ) GU TO 99953

CALL RKMAKK("OPTION RECHARGE SELECTED.") 
99953 1K(.NOT.(nTAhLK)) GU TO 99952

CALL KtMAKrC"OPTION ft'ATEK TABLE SELECTED.") 
99952 1FC.N01 .(EJN4M GO TO 99951

12135
12136
12137
12138
12139
12140
12141
12142
12143
12144
12145
12146
12147
12148
12149
12150
12151
12153
12154
12155
12156
12157
12158
12159
12160
12161
12162
12163
12164
12165
12166
12167
12168
12169
12171
12172
12173
12174
12175
12176
12177
12178
12179
12160
12161
12183
12 164
12185
12180

12186
12187
12188
12189
12191
12192
12194
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1030

1035

1040

1045

1050

1055

1060

106b

1070

107b

1080

9995U 
99951

9994b

99949

99947

99945 
9994b

99943 
C 
C 
C
99944

1F( .NOT. (EUN3M GO TO 99950
CALL REMAKi\("EKROH. KQN3, EQN4 CANNOT BOTH BE USED.")
EKKOR=.TKUE.
CONTINUE
1F(.NOT.(EON3)) GO TO 99948
EaN4=.FALSE.
CALL R*;riAKK("Ot>TIQN EiiN3 C3U) SELECTED.")
GO TO 99949
t >M = .TKUE.
K3N3=.FALSE.
CALL, KEMAKM "OPTION EQN4 SELECTED.")
JF(.NOT.(FKLKAK)) GO TO 99947
CALL REKARM"OpriOu LEAKAGE SELECTED.")
If ( .NOT. C*ELZRO) ) GO TO 99945
CALL REHARKC'Jt'IlON *ELLS SE1 TO ZERO AT NEW P.P.")
GO TO 99946
CALL REMAK|\( "OPTION WELLS ACCUMULATED AT NEW P.P.")
IF(.NOT.(EONJ)) GO TO 99944
IF( .NOT. (KTAHLK.) ) GO TO 99943
CALL REMAkM"tON3, *TAriLE ARE NOT COMPATIBLE.")
ERKOH=.TKUE.
CONTINUE

CALCULATE OTHER CONSTANTS

11=10-1 
J1=JO-1 
K1=KO-1 
12=10-2 
J2=JO-2 
K2=KO-2 
1TMX1=I'I.MAX*1

DEFINE VARIABLE NAMES

DO 99942 1=1,25 
VNAMKCI)="UNUSKD" 

99942 CONTIMUE

VNAHF. (LCwEL+1 ) = "rt'ELL' 
l="6rRT'

VNAMECLChU +1)="FL"
VNAMK(LCGL +1)="GL"
VNAME(LCX1 +1)="XI"
VNAME(LCV •4-l) = "V M
VNAMF.CLCT +n = H T" 
VNAMECLCS +i)="S"
VNAME(I.CTR -H) = "1R" 
VNA.MF.(LCTC -t-l)="TC" 
1FCLCHOT.NL.O)VNAME(LCBOT+1)="BOTTOM'

lF(LCPf:RM.HE.O)VNAME(LCPERM+) )="PEKM' 
IF(LCTL.NE.U)VNAMKCLCTL-H ) = "TL"

IF(LCZCH.nE.O)

12195
12196
12197
12199
12200
12201
12202
12203
12205
12206
12207 
1 2 2 U 9 
12210
12212
12213
12214
12216
12218
12219
12220
12221
12223
12224
12225
12226
12227
12228
12229
12230
12231
12232
12233
12234
12235
12236
12237 
1223B
12239
12240
12241
12242
12243
12244
12245
12246
12247
12248
12249
12250
12251 
i i 2 5 2
12253
12254
12255
12256
12257 
1225B

768



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

1085

1090

1095

1100

1105

1110

1120

1125

1130

1135

1140

IF(LCkATK.NE.O) VN AME( LCR ATE* 1 )=" RATE"

WHITE OUT NAMELISTS

WRITE (PR F1LE,INLIST)

PRINT OUT RIVER DATA

NRN = 0
IF(.NOT.(NR.GT.O)) GO TO 99940
*RIIEJ(PRFILE. 1000)
HIVKKR=.FALSE.
IF( .NOT. (fJK.NK.O) ) GO TO 99939
DO 99938 IR=1,NK
IF(NRC(lK).LF..O)RIVERR = .TRUE. 

9993B CONTINUE 
99939 JF(.NOT.(R1VERR)) GO TO 99937

wRITUPKFILE, 1002)"ERROR. NRC IS ZERO FOR SOME RIVER REACH."
*KITE(PRHL£,K1VLIST} 

9993/ DU 9M93o lK=l,NK
*RlTK(PRl-iLK,9041)IR,Kl RC(IR),NHDD(IR),RQ(IR)

9041 FDKMAK/)X,"RlVtR M ,14, " NUMB.REACH NODES = >",I 4," ADD DISCHARGE TO 
lRc;ACH = >" ,11, " Kd DISCHARGED", E12.5/) 
IRN=NRC(1R) 
1RA=NRN

IRAK=0
GO fO 99934

99935 IF(IRA.GE.MRK) GO TO 99933 
99*34 1RA=IRA*1

WKirE(P»'FILF,9042}IRA»,INDXCl,IRA),JNDXC2,IRA),RIVERClRA),VK(IRA}
i,OMAXCIRA;

9042 FDRMATC ( 1 OX , " NODE" , I 4 , " R0w = >",14," COL=>",I4," STRf-'A^BED ELEV = >' 
1,E12.5," VtKT. COND.=>",E12.5," MAX.INFILT. HATE=>",El 2.5))
GO TO 99935 

99933 CONTINUE 
99936 CONTINUE

GO TO 99941
99940 WKITECPHFILE,1002)"NO RIVERS DEFINED FOR THIS SIMULATION."
C
C PROCESS NEXT INPUT BLOCKS
C
99941 L1MCRD=MINO(N*PL/20,(LDCF(VALS*M)-LOCF(SYMB)))

DO 99932 J=1,L1MCHD
DO 99931 1=1,20
FLD1(I,J)=" "
VALI(I,J)=0.
PRNT(1,J)=" NULL " 

99931 CONTINUE 
:793? CJWTINUC

FINJSH=.FALSE.
KTRCRD=0 

99930 IF(FINISH) GO TO 99929
REAU()NF1LE,1001)KEYwD
FINJSH=(EUF( INHLE) .NE.O.) .OK. ( KEY WD. E3 . "ENDOFCUBES" )

12259
12260
12261
12262
12263
12264
12265
12266 
1?267 
12268 
122fc9
12270
12271
12272
12273
12274
12276
12277
12278
12280
12261
12282
12283
12284
12265
12286
12287
12266
12266
12289
12290 
12/9? 
12?92
12293
12294 
1229b 
12296
12296
12297
12299
12301
12302
12303
12304
12305
12306
12307
12308
12309
12310 
1 1 5 i i
12312
12313
12314
12315
12316
12317

769



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

1145

1150

1155

1160

1165

1170

117b

1180

11 90

1195

IF(FIMSH) GO TO 99928 
C
C HEADER-INPUT bLOCK 5 
C

IF( r tvOT. (r\EY*D.EQ."HEADER".DR.KEYKD.EO."HEADERS")) GO TO 99926
READ( INF1LF., 1 001 )HEADnG
«RITE(PKt-ILE,1000)riKADNG 

C
C VARIABLE SYMBOL DEFINITIONS 
C

GO TO 9992 7
9992b 1F(.NOT.(KEYwD.EQ."SYMBOL".OR.KEYwD.EO."SYMBOLS")) GO TO 99925 
C
C READ VARIABLE SYMbOL-VALUE PAIRS FOR DATA ARRAY INPUT 
C

LIMSYM=LOCF(VALSYM)-LOCF(SYM8)
rtRlTF(PRFlLE,1006)LIMSYM 

1006 FORMAT(/1X,15," SYMBOL-VALUE PAIRS PERMITTED IN THIS SIMULATION.")
DO 99924 J=l,LIMSYM
SYMB(J)=" "
VALSYM(J)=0.
1BEGCJ)=0
IF.ND(J)=0
JBKGCJ)=0
JEND(J)=0
KBEG(J)=0
KEND(J)=0 

99924 CONTINUE

INVAL=" "
99923 IF(NS*M.GT.LIMSYM.OR.INVAL.EQ."END") GO TO 99922 

REAO(INFiLE,1001)lNVAL,VALUt. 
1F(1NVAL.F.U."END") GO TO 99921

SYMb(NSYK)=LJUST(INVAL)
CALL, COMPNL(VALUE,VALSYM(NSYM) ,DUMMY,1,10) 

99921 1F(.NOT.(NSYM.G'l.LIMSYM) ) GO TD 99920

1007 FORMAKIX,"ERROR. VARIABLE INPUT SYMBOL LIST SIZE OF",15," EXCEEDE 
ID. CARD HAS BEtN ERROR-CHECKED BUT NOT STORED.")

NSY«=NSYM-1 
99920 GO TO 99923 
99922 U(.NOT.(NSYM.GT.O)) GO TO 99919

WKITE(PRFILE,1008)(SYMB(I),VALSYM(I),I=1 
1008 FDRMATC//1X,"SYMBOL-VALUE PAIRS DEFINED FOR THIS RUN:"//

11X,"SYMBOL VALUE"/IX,"------ ._-.-.-_..—"/

2(1X,A6,3X,E12.5J) 
C
C READ "3D INPUT", "2D INPUT" AND "OUTPUT CUBES" 
C
99919 GO TO 99927 
9992b IF(.NOT.(KEY.tO."3D INPUT".OR.KEY.EQ."2D INPUT".OR.KEY.EJ."OUTPUT

1CUB") ) GO TO 99918 
C
C INI1IAL1ZING OPERATIONS ARE EXECUTED BY LAYER, FROM BOTTOM TO TOP 
C (K=1,KO) IN THE ORDER ENCOUNTERED ON THESE CARDS. THUS, YOU MAY

12318
12320
12321
12322
12323
12324
12325
12327
12328
12329
12330
12330
12331
12332
12333
12334
12335
12336
12337
12338
12339
12340
12341
12342
12343
12344
12345
12346
12347
12348
12349
12350
12351
12352
12353
12354
12356
12357
12358
12359
12360
12361
12363
12364
12365
12366
12367
12368
12371
12372 
i 2373 
12374 
12374
12374
12375
12376
12377
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1200

1205

1210

1215

1220

1225

1230

1235

1240

1245

1250

FIRST SET ALL VARIABLES FOR A LAYER TO, SAY, ZERO, THEN PROCEED TO 
ALTER GIVEN VARIABLES R0>v HY RJw, COL, BY COL, LAYER BY LAYER OR 
EVEN NOOK bY HOUE. THE HOST RECENT OPERATION PERTAINS.

WR1TF(PRKILE, 1002)" "

//)

IK( ..JOT.(KTRCRD.LE.O) ) GO TO 99917
WrtlTK(PRKlLE,1027)LlMCRD

1027 fORMAT(/lX, 15," INPUT CUSE CARDS PERMITTED IN THIS SIMULATION, 
9991 ; FIELDS = li " 
99916 IF(F1ELDS.K3."END") GO TO 99915

REAbCINK ILE,1010)Fi LUUS 
1010 FORMAT(oA3,2X,20A3) 

C
C CHECK FOR END OF BLOCK (COL, 1-3 = "END") 
C

1F(.NDT.(FIELDS.EO."END")) GO TO 99913
IF(("30 I^PUT") .tJE. (K.EYWD) ) GO TO 99911
<-RIIF(PRr ILE,1002)" END OF 3D INPUT BL3CK"
GO TO 99912 

99911 1F(("2I) INPUT").NE.(KEYrfD)) GO TO 99910
rfRITEl'PRKlLE, 1002)" END OF 2D INPUT BLOCK"
GO TO 99912 

99910 1F( ("OUTPUT CU h" ) . NE . ( KEY «/ D) ) GO TO 99909
rfRITE(PKF!LE,1002)" END OF OUTPUT CUBES INPUT BL 

10CK" 
99909 CONTINUE
99912 GO TO 99914
99913 M'RCRl

IF(.N'JT.(KTRCRL>.EU.l )) GO TO 99908 
«RirE(Pt<FILE,1030) 

1030 FORMAT(/T30,"l",T40,"2",T50, M 3 |t ,T60 f "4",T70,"b",
lTHO,"b",T9G,"7",T100,"B"/T21,8("1234567890")/) 

9990 B wRl TE( PR FILK, 1 01 1)MRCRD, FIELDS
1011 FOKrtATdX, 15,lX,"lNPUf CARD: ( r , 6 A 3 , 2X , 20A3 f " ) " ) 

IF ( .NUT. (f^TRCRD.GT.LlMCKD) ) GO TO 99907

nRITE(PRF1LE,1009)LIMCRD 
1009 FUR.",AT( IX, "ERROR - INPUT CUBE STORAGE OF SIZE", 15," HAS BEEN EXCEE

10ED. CARD riAS BEEN ERROR CHECKED, BUT HOT STORED.") 
C
C DECODE KO*S, COLUMNS, LAYERS AND ERROR CHECK FOR LIMITS 
C 
99907 CALL COHPNL(FIfLDS(1),DUM,I BEG(KTRCRD),1,3)

CALL COMPNL(KIKLDS(2) , DUM, I t,ND ( KTRCRD) , 1 ,3)
CALL CO«fJ i«L(fIKu[)S(3) ,DUM,JriEG(KTKCKD),l,3)
CALL COHt-NL(Flt LOS(4) ,DJM, JEND ( K.TKCR D) , 1 ,3)
CALL COMPf.L.(FiFLUS(5) , DUM , K8EG ( KTRCk D) , 1 ,3)
CALL CC)MpNL(FJh,LDb(6) , DUM,KEND(KTRCRD) , 1,3)
CALL SETLIM(IBEG(KTKCKD),IENDtKTrtCKU),10,ERKUK)
CALL SETLiM(Jiif-G(hTKCKU),JEND(KTRCRD),JC,ERROH)
CALL SETLlM(KbEG(K'iRCKD),KEND(KTRCRD),KO,ERROR)

STORE SYMBOL/VALUES

DO 99906 1=1,20

12378 
12i79
12380
12381
12382
12383
12384
12385
12386
12388
12389
12350
12391
12392
12393
12394
12395
12397
12398
12400
12400
12401
12403
12403
12404
12405
12407
12408
12410
12411
12412
12413
12414
12415
12417
12418
12419
12420
12421
12422
12423
12425
12426
12427
12428
12429
12430 
1243!
12432
12433
12434
12435
12436
12437
12438
12439
12440
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12bb

1260

12fa5

1270

1275

1280

128b

1290

1295

1300

I3u:>

1310

LEFT JUSTIFY 3-CHAKACTER CODE 

F1FLD=LJUST(FIELDS(1+6)) 

IGNORE BLANK FIELDS

')) GO TO 99904IF(.NOT.(FIELD.EG." 
VAL1(1,KTRCRD}=0. 
FLDI CI,KTKCRU)=FIELD 
GO TU 99905

C LOOK FOK MATCH IN SYMBOL TABLE FOR "FIELD"
C
99904 K=l
99903 IFCK.GT.NSyM.OH.FIELD.EO.SYMB(K)) GO TO 99902

C
C 
C 
99902

GO TO 99903 

2D INPUT

IF(.NOT.(KLYftD.EQ.-2D INPUT")) GO TO 99900
1F(.NOT.(1.EQ.1)} GO TO 99898
VALK I,KTRCRD)=0.
FLl)J(I,KTHCRU)=FIELD
PHin(I,KTKCRU)=SHlKT(FIELD,54)

GO TO 99H99
99H98 IF(.NOT.(K.LK.NSYM)) GO TO 99897 

VAL1U,KTRCRD)=VALSYM(K) 
FLDI(J,KTHCRD)=FItLO
ENCUOK(10,103l,PRNT(I,KTRCRD))VALSYM(K) 
FCJKMATCE10.3) 
CONTINUE 
GO TO 99901

1031 
9 9 H 9 V 
99B99 
C 
C 
C 
99900

99893
99894
C
C
C
9989b

3D INPUT

IF( .NOT. (KEYwD.c:u."3D INPUT")) GO TO 99895 
II- ( .NOT. (K.LK.NSYM) ) GO TO 99893 
VALJ(1,KTKCRI»=VALSYMCK) 
KLDI(l,KTKCKu)=Fl£LD
ENCi)DEC10,lU31,PRNT(I,KTRCkD))VALSY*CK) 
GO TO 99894
PHNT(I,KTRCRD)=" ERKOR" 
GO TO 99896

CUBE INPUT

IK(.NOT.(KEYWD.EO."OUTPUT CUB")) GO TO 99891

VAL1(1,KTRCRD)=0. 
FLDIC1,MRCRD)=FIKLD 
PRNT(1,KTKCKD)=SH1FT(FIELD,54)

GO TO 99890 
9988* IFC.NOT.(i.EU.3)) GO TO 99887

12441
12442
12443
12444
12445 
1244b
12447
12448
12449
12450
12451
12453
12454
12455
12456
12457
12458
12459
12460 
J2461
12462
12463
12464
12465
12466
12467
12468
12469
12471
12472
12473
12474
12475
12477
12478
12480
12481
12482
12483
12484
12485
12486
12487
12488
12490
12492
12494
12495
12496
12497 
i 7408
12499
12500
12501
12502
12503
12505
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1315

1320

1325

1330

1335

1340

1345

1350

1355

1360

1365

99883 

99882 

99t)81

FLUK I ,KTRCRD)=F1ELD 
FIELD 1=1-LO Id,KTHCRD)
IF(.NOT.(FIELD1.EU."CUB".QR.F1ELD1.Ea."DDN")) GD TO 99885 
VALId ,MRCRD)=0. 
K = 0
IF(("LST").NE.(FIELD)) GO TO 99883 
GO TO 99884
IF(("MAP M ).NE.(FIELD)) GO TO 99882 
GO TO 99H84
IF(("LAM").NE.(FIELD)) GO TO 99881 
ij 0 i u 9 v H 6 4 
FLDI d,MKCRr»="LST"
wRITECPHf- iLE, H)02) H DEFAULT -LST- OPTION SELECTED FOR THIS CUBE." 
PRNT(I,KTKCKD)=SlUFl(FLDld,KTRCRD),54) 
GO TO 99886
IF(.NOT.(FIELDl.EQ. n SUH")) GO 10 99879 
VALI(I,M'RCRD)=0. 
K = 0
IF(.NOT.(FIELD.EQ."LSf".OR.FIELD.EQ."LAM".OR.FIELD.EQ."HAP")) GO T 

10 99877 
GD TO 99878 
FLDId ,KTRCRD)="LST"
*RITE(PRri!,t, 1002) M DEFAUIJ T -LST- OPTION SELECTED FOR THIS CUBE." 
PRNT(I,MKCr<D)=J>HIFT(FLDI(l,KTRCHD) ,54) 
GO TO 99880
IFC.NJT.(F1ELD1.EQ." H YD " . OR . FI ELD 1.EQ."DHY")) GO TO 99875 
K = 0
1F(("LIN").NE.(FIELD)) GO TO 99873 
GO TO 99874
IF(("LOG").NE.(FIELD)) GO TO 99872 
GD TO 99874
IF((" ").NE.(FIELD)) GO TO 99871 
FLDI d,KTHCHD)='I LIN" 
CONTINUE 
GO TO 99876
1FC.NOT.(K.LE.NSYM)) GO TO 99870 
VALId ,KTHCHU) = VALSYH(K)
ENCODE(10,10J1,PKNT(I,KTRCRD})VALSYM(K) 
CONTINUE 
CONTINUE 
CONTINUE 
GO TO 99888

CHECK FUR "ALL", "PRK", "BOT"

FLDI(I,KTKCRD)=FI£LD 
IF(.NOT.(I.£0.4.AND.K.GT.NSYM)) GD TO 99868
1F(.NQT.(FIELD.EQ."ALL".DR.FIELD.EQ."PKM".OR.FIELD.EQ."B3T")) GO T 

10 99867
vALi t i,MKCKU;=0. 
PHN-; ( I,MKCRD)=SHIFT(FIELD,54)

99H67 GO TO 99869
99Hb8 1F( .fJDT. (K.LE.NSYM) ) GO TO 99B66

VALl(I,KTr<CHU)=VALSYM(K)
ENCODE(10,1031,PKNT(1,KTRCRD))VALSYM(K) 

998h6 CONTINUE

99885

99877 

99»78 

99879

99rf73 

99U72

99871 
99H74

99870
99«7t>
998BO
9988e>
C
C
C
99887

12506
12507
12508
12509
12510
12512
12513
12513
12514
12514
12515
12516
12517
12520
12521
12523
12524
12525
12526 
12526 
12526 
12528 
12b29
12531
12532
12534
12535
12537
12538
12538
12539
12539
12539
12540
12541
12543
12544
12545 
12547 
1254B
12549
12550
12552
12553
12554
12555
12556
12557 
12557 
*255S
12559
12560
12562
12564
12565
12566
12568

773



APPENDIX VIII: SIMULATION PROGRAM LISTING, LN FORTRAN - CONTINUED

1370

1375

1380

1385

1390

1395

1400

1405

1410

1415

1420

1425

CONTINUE 
99«8b CONTINUE 
9<4fl<n> GO TO 99892 
99891 CAL.L RK* ARK C " UNDF.K1HLD INPUT BLOCK.")

rfRirE(PRFILE, lUU2) H ERROR-UNDt:FINED INPUT BLOCK.

99892
99896
99901

1012

998t>b

,A3, ,I4

99V06 
99914

99918

C 
C 
C

998t>4 
1019

99927
99928 
C 
C 
C
99929
1013

CONTINUE
CONTINUE
JF(.NOT.(K.GT.NSYM)) GO TO 99865
w R I J € ( P K K 11, K., 1 0 1 2 ) K 1E L D , K T R C R D

ERROK=.IRUE.
COMT1NUE
CONTINUE
CONTINUE
GO TO 94916
GO TO 99927
1F(.NOT.(KEYWD.EU. H END H )) GO TO 99864
CONTINUE

UNDEFINED KEYWORD 

GO TO 99927
WKITE(PRHLE,1019)KEY*D
FORMATCIX,"ERROR. UNDEFINED INPUT KEYrfORD(",Al0,")")
EKROR=.TRUE.
CONTINUE •
GO TO 99930

LIST OUT CONTENTS OF INITIALIZATION ARRAY AND SETUP TABLE

WK!TE(PKFILE.1013)KTRCRD,(I,VNAME(I),I=1,NVPN)
FORMATC'l" , 14," DATA IN 1TI ALI 2 ATIO;J COMKANDS"// 
11X,"ROW HOW COL COL LAV LAY " , 1 0 ( I 2 , " ••" , A7 ) / 
21X,"BEG--END faEG — END BEG — END ", 1 0 ( 12 ,"••", A7 )/ 
31X," ",10(12,•-",*?))
IF(.HOT.(KTKCRD.GT.O)) GO TO 99863
DO 99862 I = 1,KTHCRL>
*RITE(PKFIl,t:,1014)ItU:G(l) , 1END(I),JBEG(I), JEND( I ) , KBEG ( 1 ) , KENDC I ) , 
KPRM(K.I) ,K=1,NVPN)
FORMAT(/I X,3(13," -",I 3,2X),10A 1O/C31X,1OA10))
CONTINUE

SET ALL UNDEFINED CUBES TO 99 

NH = NCUBES-H

1014
99862 
C 
C 
C
99863

99859 CONTINUE
GO TO 99861

99860 CALL REMARKC-NU CUBE DEFINITION SPACE AVAILABLE")
99d61 1F'(USEB1U)CALL BUFK tW ( LFNTBK )
C

C

IF( .NOT. (NN.LE.NCUAVA) ) GO TO 99860 
L>0 ^9859 i = NN,NCUAVA

12569
12570
12571
12573
12574
12575
12577
12578
12579
12580
12581
12582
12584
12585
12585
12587
12539
12589
12590
12592
12593
12594
12595
12596
12597
12598
12601
12602
12603
12604
12605
12606
12607
12608
12609
12610
12611
12612
12613
12614
12615
12616
12618
12619
12620
12621
12622
12623
12624
12625
12626
12627
12629
12631
12632
12633
12634
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1430

1435

1440

1445

1450

145b

1460

1465

1470

1475

1480

c 
c
c 
c

c
r

c

c
c
c

c
c
c
99855

C
C
c
99854

99852

99851

99850
C
C
C
99853

99847
9984H

1024

f+

C
C
99H45

99841

DEFINE ALL PRINT AND/OR MAP CUBES

IF( .NOT. (KTRCRIJ.GT.O) ) GO TO 99858
DO 9^857 1=1,KTKCRD
FIELU=FLDI( 1,1)
IF (.NOT. (FI ELD. EO.'DDN". OR. FIELD. EQ . " CUB" . OR . Fl ELD. EQ."SUR*)) GO T

10 99866

A CUBE IS DEFINED

NCUBt:S = NCUBES + l

SET CUBOEF TO -1 FOR DRAWDOWN CUBE

IF( .NOT. (FIELD. EO. "DON") ) GO TD 99855
CUBDtF(NCUUES) =-1

SET CUBDEF TO -2 FOK SURFACE CUBE

IFC.NOf. (FIELD. EG. "SDK")) GO TD 99854
CUBDt;K(HCUbtS)=-2

INITIALIZE CUBE

IF(("LST").NE.(FLDI(3,I))) GO TO 99852
LOKM(NClJfaES)=0
GO TO 99b53
IF( ("LAK") .NE.(FLD!(3,I)}) CO TO 99851
LORM(NCUHES)rl
GO TO 99853
IF( ( "MAM" } .NE. (FLDIC3,!)) ) GO TO 998SO
LORM(NCUBES)=2
GO TO 99853
LORM(NCUBES)=0

VARIABLE TO BE CUBED IS IN FIELD 8 (FLDI(2,D)

IF(. NOT. (FIELD. EQ. "CUB")) GO TO 99849
IF(.NOT.(FLDI(2,I).EO." " ) ) GO TO 99847
INVAL=555
GO TO 99848
1NVAL=VAL1(2, I)
1F( .NOT. (1NVAL.GE.O.ANO.INVAL.LE.NVPN)) GO TO 99845
CUHDEF(NCUBES)=iNVAL
KRITE(PRFiLK,lu24)lNVAL,VNAME(INVA[j+l)
FORMAr(/lX,"CUbt ABOVE LIST/MAPS V AKI ABLE" , 1 3 , " WHICH IS ",A10/)
GO TO 99b46

LOOK FOR CUBES OF "ALL DATA", "PERMEABILITY" OR "BOTTOM"

1F(.NOT.(FLDI(4,I).EO."ALL")) GO TO 99843
IF( .NOT. (LOHM(NCUBF.S) .LE.l) ) GO TO 99841
CUhDKF(NCUtJES) = t'AbL DATA"
GO TU 9V842
WRIT£;(PRFILE,1002)"-ALL DATA- MUST USE -LST- OPTION. -LSI- USED."

12635 
12636
12637 
12638
12639
12640
12641
12642
12642
12643
12044
12645
12646
12647
12648
12649
126bO
12651
12653
12654
12655
12656
12657
12659
12660
12661
12663
12663
126G4
12664
12664
12665
12665
12665
12666
12666
12668
12669
12670
12671
12672
12672
12672
12673
1?674
12675
12676
12677
12678
12-CO
12681
12682
12683
12684
12684
12684
12686
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1485

1490

1495

1500

1505

1510

1515

1520

152b

1530

1535

CUBt)EF(NCUhES)="ALL DATA"
99842 GU fO 99844
99843 1F( .NOT. (FI,01(4,1) .EQ."PRM")) GO TO 99839

CUBDEt(NCUbES)=-3
GO 10 99840 

99839 1F( .NOT. (Fl.DI (4,1) .hO. M BOT")) GO TO 99837

GO TO 99H3R
99837 WHIT K(PKHLE,1020) FLIU(2,1),1NVAL,NVPN
1020 FOKMATC IX, "bKKUK. SYMBOL FOR CUBK VARIABLE (",A3, M ) HAS VALUE",16 

1,". IT MUST BE A VALUE FROM 0 TO ",13," (NVPN).")
EKKOK=.TRUK. 

99H3B CONTINUE 
99840 CONTINUE 
99844 CONTINUE 
99846 CONTINUE 
C
C LOOK FOR MAP SCALES 
C 
99849 IF(.NOT.(LORKINCUBES).GE.l)) GO TO 99836

lF(CUbDEF(MCUUfc.S),EU."ALL DATA")LORM(NCUBES)=0

YFPI(NCUbES)=VALI(5,I) 
IF(.,MOT.lKLDI(b,l).i:Q. H ")) GO TO 99834

DEFAULT CONTOUR INTERVAL AND BASE ELEVATIONS

CONIHT(NCUBES)=10. 
riASEV(NCU8£S)=0. 
GO TO 99fa35 

99834 COMNT(NCUBES)=VALl(b,I)
lF(CONINTir,CUBES) .i.t.0. )CO^aNI(NCUBES) =
BASeV(NCUBbS)=VALl(7,i)
CONTINUE99835

C
C
C
9983b

99856
9985*
C
C
C
99858

PICK OFF CUBE LIMITS

ICllBEG(NCUliES)rlBEGd)
ICUENUf NCUBES) = ]
JCUBEG(NCUbtS)= k
JCUtHD(NCUB£S)=J£ND(l)
KCUBEG(NCUBES)=Kb£G(I)
KCUbND(NCUBES)=KEND(I)
CONTINUE
CONTINUE

DEFAULT TO ALL NODES

IF(.NOT.(NCUBES.LE.O)) GO TO 99833 
NCUB£S=1

1LUEND(1)=IO
JCUBEG(1)=1
JCUbND(l)=JO
KCUBHG(1)=1
KCUEND(1)=KO

12b87 
12689 
12691 
12691 
12691 
12693 
12693 
12693
12695
12696 
12097 
i269S
12700
12701
12702
12703
12704
12705
12706
12707
12708
12709
12710
12711
12712
12713
12714
12715
12716
12717
12719
12720
12721
12723
12724
12725
12726
12727
12728
12729
12730
12731
12732
12734
12734
12736
12737
12738
12739
12740

12742
12743
12744
12745
12746
12747
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1540

1545

151

1555

Ib60

1565

1570

1575

1580

Ib85

1590

1595

c
c

c
c 
c
c
c
c 
c
99d33

C
C
c
lOlb

c
c
c
99H2V
C
C
C

99828

99826
99827

•»?o24
9 9 8 2 S
99830
C
C
C
99831
C

AND NO MAPS

LORH(1)--0

ESTABLISH HYDROGRAPHS

UHGRAF =G
NTS = 0
L1MHG=LOCF(JHYD)-LOCF(IHYO)
LIMTHG=100
DO 99832 I=1,KTRCRD
F1ELU = FLLH(1,I)
1F(. NOT. (FIELD. EU."DH*". OR. FIELD. EG. "HYO")) GC TO 99831
NHGRAF=NHGRAF+1
IF( .NOT. (HHGRAF.GT.LIMHG)) GO TO 99B29

TOO MANY HYDROGRAPHS REQUESTED

WRITE(PKFIbE,101b)LlMHG,(FLDI(K,I),K=l,20)
FORKATUX, "ERROR. MORE THAN", 13," HYDROGRAPHS DEFINED. (",20A3,
1")")
ERROR=.TRUE.
NHGRAF=NHGRAF-1
GO TO 998JO

STORE IT AWAY

IHYDCNHGRAF )=IPEG(I)

I (ROW) INDEX IS + FOR HEAD, - FOR DRAWDOWN

1F(FIELD.£U."DHY")1HYD(NHGRAF)=-1HYD(NHGR4F)
JHYDC NHGRAF)=JBEG(I )
KHYD(NHGHAK)=KBEG(J)
CONHYDCNHGkAH )=VAL1(2,I)
1F( .NOT. ((• LUK4, 1) .EQ." ")) GO 10 99828
VAtl(4,I)=l.
IF(.NOT.tFLUl(3,I).EO."LOG")) GO TO 99826
SCAHVD(NHGRAFJ=-VALI(4,I)
GU TO 99b27
SCAHVD(NHGRAF)=VALI(4,I)
00 9S82b J=1,L1MTHG
THYDC J)=0.
DO 99824 K=1,LIMHG
HYDCK, J)=0.
C u ii T I N u C
CONTINUE
CONTINUE

LOAD IN OBSERVED HYDROGRAPH DATA, IF PRESENT

1F( .NOT. (FIELD. tO. "UBS") ) GO TO 99823

12748
12749
12750
17752 
12753
12754
12755
12756 
12757
12758
12759
12760
12761
12762
12763
12764
12765
12766
12767
12768
12769
12770
12771
12772
12773
12774
12775
12776
12778
12779
12780
12781
12782
12783
12784
12785
12786
12787
12788
12789
12790
12792
12793
12794
12796
12798
12799
12800
12tf01
12802
12U03
12805
12806
12807
12808
12809
12810
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1600

1605

1610

1615

1620

1625

1630

1635

1640

1645

1650

99U21 

99820

c 
c 
c 
c 
c 
c
99822

1037

C 
C 
C 
99815

DATA ON OBSFIL (TAPE30) LOOKS AS FOLLOWS:
KECOKD 1: FUKTKAN FORMAT OF TIME-HEAD (OR DRAwDOrfN) DATA.

THE FUKKAf MUST INCLUDE PARENTHESES.
F..G. (2E12.5)

DATA RECORDS: DATA PAIRS ACCORDING TO THE FORMAT OF RECORD 1. 
LAST KECORD: THE TEXT; <ENUOFDATA>

YOU MAY HAVE AS MANY REPETITIONS OF THIS SEQUENCE ON <OBSF1L> AS 
YOU HA^E OBSERVED riYOROGkHPHS. HOWEVER, THE TCHAL NUMBER OF 
OhSEnVEO HYUKOORAPHS MUST NOT EXCEED THE NUMBr.k OF CALCULATED 
H YOKlKiR APriS ( ***fi,^n*** TH^ O'J* , rQLU M N , LAYEH LOCATIONS '*'.' T'.'.L 
OBSt-HVED MtDKOGRAPllS MUST brl IDENTICAL TO THE kU* , COLUMN , LA Y ER 
LOCMJU,<ii> OH CALCULATED HYDRUGRAPriS. OBSERVED HYDRQGRAPH DATA 
WHICH DUES NOT MATCH U? * I 1ri CALCULATED LOCATIONS hILL BE 
IGNORED.

ALSO, THE SEQUENCE OF OBSERVED HYDROGPAPHS DATA SETS ON <OBSF1L> 
***KUST»»* Be. IN THE SAME ORDER AS 1H£ <03S> COMMANDS EXIST IN 
YOUR <OU1PUT CUBE> INPUT DATA. THE REASON FOR THIS IS THAT
THERE is NO LOCATION INFORMATION IN THE <OBSFIL> DATA SEIS.
THE LOCATION IS DEFINED ON THE <OBS> COMMAND. 

FIND THIS HYDROGRAPH IN <DHY> OR <HYD> LISTS

IF(.NOT.(NHGRAF.LE.O)) GO TO 99821
WRlTLCPKf- 1LE, 1002)" NO HYDROGkAPHS. CANNOT HAVE OBSERVED."
THISOB=0
GO TO 99822
TriISOB=0
LOOP=0
ir(THlSOb.NE.O.OR.LOOP.GT.NHGRAF) GO TO 99819
LOOP=LOOPtl
IFC.NOT.(KbEG(I).EU.KHiD(LOOP))) GO TO 99818
IF(.NOT.(JiiEG(l).CQ.JHYDCLDOP))) GO ID 99817
1F( .NOT.duEGCl) .EU.IABS(IHYDCLOOP) ))) GO TO 99816
THISOB=LOOP
NHGOB = NHGOB-H
CONTINUE
CONTINUE
GO TO 99820
CONTINUE

THE OBSERVED VALUES MUST BE PROCESSED EVEN IF NO MATCH WAS FOUND 
WITH <HYD> OR <DHY> TO MAINTAIN PROPER ORDER ON <OBSF1L>.

READ FORMAT FROM OBSFIL (TAPE30) ON FIRST <OBS> OCCURANCE

IF(.NOT. (FIROBS)) GO TO 99815 
READCOB.SFIL,1001)OBSFRM 
WRITE(PnFlLE,1037)OBSFRM

FIROBS=.FALSE.

READ DATA UNTIL <ENDOFDATA> OR END-OF-FILE ENCOUNTERED

EODOBS=.FALSE. 
NOHPTS=0

12811 
12U12
12813
12814 
12bl5
12816
12817
12818
12819
12820 
12B21
12822
12823
1 2824
12825
12826
12827
12828
12829
12830
12831
12832
12833
12834
12835
12836
12837
12838
12840
12841
12842
12843
12844
12845
12846
12847
12848
12850
12851
12852
12853
12854
12855
12856
12857
12858
12859
12860
12861
12862 
j / o 6 3 
12664
12866
12867
12868
12869
12870
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1655

1660

1665

1670

1675

1680

1685

1690

1695

1700

1705

1710

99814 IF(EODOBS) GO TO 99813
KtADCUBSH IL, 100DOHSTXT 

C
CHECK FOR END

UEOF(OHSFIL).NE.O
IFC .NUT.(EODUBS)) EUDOBS=OBSTXT{1).EO."EMDOFDATA"
IF(EODObS) GO TO 99bl2 

C 
C ONLY STORE VALUES AWAY FOR <OBS> THAT MATCHES <HYD> OR <DHY>

IFC.N01.(THISOB.GT.O)) GO TO 99811
NOHPTS=HOHPTS-H 

C
C CHECK FOR ARRAY OVERFLOW 
C

IF(.NDT.(NOhPTS.GT.100)) GO TO 99810
*RlTE(PRFiLE,1002) M NUMBER OF OBSERVED HYDROGRAPH PTS > 100"
NOHPTS=100 

C
C REFORMAT DATA AND STORE IN TIME AND VALUE 
C
99B10 DECODE(80,OBSFRM,OfSTXT)THYDOB(THISOB,NOHPTS),HYDOBCTHISDB,NOHPTS) 
99811 CONTINUE 
99612 GO TO 99814 
C
C PRINT OUT OBSERVED HYDROGRAPH VALUES 
C 
99813 1F(.NOT.(NOriPTS.GT.O)) GO TO 99808

1HYDOB(TH1SOB)=IABS(IHYDCTH1SOB})
JHYDOB(THiSOB)=JHYD(T«]SOB)
KHYDOtU'inISOb)=KrlYD(IHIS3B)
*IPTOB( TH1SU6)=NOHPTS
WRITE: (PkKiLE,1035)lHYDOB(THl SOB),JHYDOB(THISOB) , KHYDOB ( THI SOB)

1035 FOKrtATC1 OBSERVED HYDROGRAPH AT ROW=",I3, H COL=",I3," LAYER=",I3 
I//" POINT TIME HLAD (OR DRAWDOWN)"/ 
2 « ----- -.--_----- -__.----___„___-_.M)

DO 99R07 L00p=l,NOHPTS 
wRITE(PKFiLE,lu36)LOOP,THYDOB(rHISOB,LOOP),HYDOB(THISOB,LOOP)

1036 FORMAT(1X,16,2X,E10.3,2X,E12.5) 
99U07 CONTINUE

GO TO 99809
99H08 fcRITE(PRFILE,1002)"OBSERVED VALUfc.5 READ FROM OBSFIL. NOT STORED." 
99S09 CONTINUE 
99823 CONTINUE 
99832 CONTINUE

ENCODE(30,1017,KSG)NCUBES 
1017 FOKHAT("L1ST/MAP CUBES DEFINED = ",I4>

KSG(4)=0
CALL REMARK(MSG)
ENCODE(30,1018,MSG)NHGRAF 

101« FO«MAT("MYHHOGKAPHS DEFINED = ",I4)
CALL REMARK(KSG) 

C 
C ——————————————————————————————————————————————————————————————
C
C INITIALIZE ALL LAYERS

12871
12872
12873
12874
12875
12876
12877
12878
12879
12880 
128B1
12882
12883
12884
12885
12886
12887
12888
12389
12891
12892
12893
12894
12696
12697 
12898 
12b99
12900
12901
17902
12903
12904
12905
12906
12907
12908
12909
12910
12911
12912
12913
12914
12916
12918
12919
12919
12920
12921
• - " 10

12923
12924
12925
12926
12927 
1292tt
12929
12930
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1715

1720

1725

1730

1735

1740

1745

1750

1755

c
c 
c

99805
99«04
C

1F( .NOT. (ERROR) ) GO TO 99605
CALL REMARK ( "FATAL INPUT ERRORS IN DATAIN.")
STUH "SIH1N INPUT ERRORS"
GO TO 99806
LTHlSrKO
IF(LTHIS.LL.O) GO TO 99803

12931

12933
12934
12935
12936
12937
12939
12940
12941

C
c 
c
99801

99HOO 
C
c 
c
99802

99795

99794

99793

99792

99791

C 
C 
C
99790

LuAD FROM TAPE IF R E S » T-; »

IFC.NOT.(KKSTRT)) GO TO 99801 
CALL LOCLbV(LTHIS)
CALL BUF1N(HXA,"HXA",NIN,LIHIS) 
GO TO 99802

SET LAYER TO ZERO IF NOT RESTART

DO 99800 I=1,NWPL
HXA(I)=0.0
CONTINUE

SCAN VARI ARRAY IN SEQUENCE FOR OPERATIONS ON THIS LAYER

1F( .NOT.(KTRCRD.GT.O)) GO TO 99799
DO 99798 1=1,KTRCRD
IFC.NOT.(KbEG(i).LE.LTHIS.AND.KfcND(I).GE.LTHIS)) GO TO 99797
IF(("CUh'l ).Nt.(frLDI(l,l))) GO TO 99795
GO TO 9979o
1F( ("DDN") .NE. (FLDKl,!))) GO TO 99794
GO TO 9979b
If (("SIJR") .NE.(FLDI(i,l))) GO TO 99793
GO TU 9979b
IFU"HYO").NE.(FLI>IC1,I») GO TO 99792
GO TO 99796
1F(("DHY").NE.(FLD1C1,!))) GO TO 99791
GO TO 99796
IFC ( H UNC"KNE.(FLDIC1,I))) GO TO 99790
GO TO 99796

EACH RO*

M-1)*NWPR + 1
NtNLiK=(lE.MD(I)*NWPR)

DO 997H9 J = NBEGH,NENDR,N»(PR

EACH C HLU* w 

IOFFST=(JBEG(I)-1)*NVPN

1765 DO 99768 COI 
LKwTN = J-HOKFST 
IOFFST = IL!FFST + NVPN

12943
12944 
1294b
12946
12947
12949
12949
12950
12952
12953
12954
12956
12957
12958
12959
12960
12961
12963
12964
12964
12965
12965
12966
12966
12967
12967
12968
12968
12969
12970
12971
12972
12973
12974
12975
12976
12977 
12976 
1?<J7«J 
12980 
12961
12982
12983
12984
12985 
1298b
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1770

1775

1780

1785

1790

179b

1«00

1805

1810

1815

1820

997H7 
997Bb 
99789
99796
99797
99798 
C 
C 
C
99799

2D VARIABLES

IF(("aRE").NE.(»'LDI(l,l))) GO TO 99786 
GIRE(KOW,COL)=VALI(2,1)

3D VARIABLES
INITIALIZE ONLY VARIABLES WITH NON-BLANK FLDI

GO TO 99787
nn 997HS 1L=1,NVPN
1F(FLDICiL,I).NE." H )HXA(LF*TN + IL-l)=VALI(IL,n
CONTINUE 
CONTINUE 
CONTINUE 
CONTINUE 
CONTINUE 
CONTINUE 
CONTINUE

SET ALL EDGE VARIABLES TO ZERO - ALL LAYERS

NNLR=MNHL-NNPR
DO 99784 NUOE=1,NNPL

1F( .NUT. (MUuCOb.LE.l.OR.NODE.LE.NNPR.OR.NODE.GE.NNLH)) GO TO 99783 
DO 99782 J=1,NVPN

CONTINUE 
997K3 CONTINUE 
99784 CONTINUE 
C
C SET STRT=PHI IF PKISET IS TRUE 
C

IF(.MOT.(PMISET)) GO TO 99781

DO 99700 NUDE=1,NNPL

99780 CONTINUE
C
C HXA IS INITIALIZED FOR THIS LAYER- WRITE IT OUT
C
99781 CALL 8UFC1UT ( HX A , " HX A" , N I N , LTHI S )

ENCODE(30,1021,MSG)LTHIS 
1021 FORMAT("LAytR",I3," INITIALIZED. ")

CALL RtMARK(MSG)

GO IL 99804 
C
C LAST LAYER IS INITIALIZED 
C
99HOJ CALL REMARK("IN1T1ALIZATION COMPLETE.") 
C

12988
12989
12990
12991
12991
12992
12993
12994
12995
12996
12997
12998
12999
13002
13002
13003
13006
13007
13007
13009
13010
13011
13012
13013
13014
13015
13016
13017
13018
13019
13020
13022
13022
13023
13024
13025
13026
13027
13028
13029
13030
13031
13033
13034
13035
13036
13037
13038
13039
13040 
1 *041
13042
13043
13044
13045
13046
13047
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1825

1830

1840

1845

1850

1860

1865

1870

187b

1880

CALCULATE INVERSE OF DELX, DEL*, DELZ

= l . 0/DELXCI)
DO 99779 I=1,NNPR
IF(DFLXd) .NE.O.O)UELX1 ( 

99779 CONTINUE
DO 997 7 d I=1,NNPC
1F(UKLY(1J.NF.O.O)DELYI(1)=1.0/DELY(I) 

9977H CONTINUE
DO 99777 1=1,KO
IF(L)ELZU).NE.0.0)DELZI(I)=1.0/DELZCI}

M\=MAXO(NUPK,NNPC,KO) 

; PRINT OUT DELX, DELY, DELZ

wRITKCPRHLE, 1023)(I,DELXCI),DELX1(I),DELY(I),DELYI(I),DELZ(I), 
1DELZ1(I),1=1,KK) 

1023 FOKMATC"!","INITIAL VALUES OF VARIABLE GRID SPACING."//
11X," 1 DELX DELXI DELY DELYI DELZ
2DELZI"/
31X," --- ———————— --- ———— -- ------——— ——-————— -- ——————

5(1X,I3,3X,3(F10.2,1X,E10.4,1X))) 

: PRINT OUT TRANSMISS1V1TY MULTIPLIERS IN X,Y,Z DIRECTIONS

WRITE (PR FILE, 1022) (K.FACrX(K), FA CTY(K), FA CTZ(K),K=1,KO) 
1022 FDRMft'i-("l","L>iFECTiLIMAlJ TH ANSHISSI V I TY MULTIPLIERS"// 

11X,"LAYEK FACTX FACT* FACfZ"/ 
21X," ——— - ------ —— -- ---- —— ---- -- ———— ——— */
MIX, 13, 4X, Ell. 4, IX, Ell. 4, IX, Ell. 4)) 
1FC .lOT.(.NUT.UNLYlN.OR.DM.FINT)) GO 10 99776
IF( .NOT. (usEBio ) GO TO 99775

; POSITION FILES AND HESEI FILE POINTERS

CALL HtJFEOF(LtNTBw)
CALL KUFREw(LFUTBW)
CALL bUFHEw(LFNTBR)

LFNTHW=LFNTBR 
LFNTBR=I1EHPF

FILES NOW POSITIONED FOR PROCESSING

COMPUTE T FOR UNCONFINED HYDROLOGIC UNITS AND 
TR, TC, TK FOR ALL LAYERS

C 
C 
C 
C
C 
C 
C
99775 CALL ALTRAM

CALL REMARKt"ALTRAN CUMPbtlt."J 
C
C Sfc.T ITERATION PARAMETERS
C NOTE THAT UN KtSTART, if NEW NUMBER OF ITERATION PARAMETERS ARE 
C DEFINED THAT "KHOP" MUST BE REDEFINED. 
C

CALL ITPARM

13048
13049 
130bO
13051
13052
1 3053
13054
13055
13056
13057 
i ^nsf!
13059
13060
13061
13062
13063
13064
13065
13066
13067
13068
13069
13070
13071
13072
13073
13074
13075
13076
13077
13078
13079
13080
13081
13082
13083
13084
13085
13086
13087
13088
13089
13090
13091
13092
13094
13095
13096
13097
13098
A J v 9 '"r

13100
13101
13102
13103
13104
13105
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1885

1890

1895

1900

1905

CALL REMARK("ITPARM COMPLETE.")

WRAP UP INITIALIZATION

IF ARRAY DUMP IS DESIRED - DO IT AGAIN HERE

IF(.NOT.(DHPINT)) GO TO 99774 
DO 99773 11=1,KO

CALL LOCLEV(KK)
CALL, b (j f i tt c i i x A ,";:.-.'.", r:: :;, K K :
CALL LIMAP(HXA,KK,bhALL DATA) 

99773 CONTINUE
CALL BDFREW(LFNTBR)
CALL REMARKfOMPlNT COMPLETE.")

C
c
C
c 
c
c
99774 
9977t>

99772 
99006 
<19957

DATA FILE NOW HEADY FOR PROCESSING BY COMPUTATIONAL OVERLAYS

IS COMPUTATION DESIRED

CONTINUE
1F(.NOT.(ONLYIN)) GO TO 99772
CALL REMARtU"ONLYIN INPUT PROCESS COMPLETE.")
STOP "ONLY1N"
CONTINUE
CONTINUE
EHD

13106
13107
13108
13109
13110
13111
13112
13113
13114
13115
13116
13117
13118
13119
13120
13121
13122
13123
13125
13126
13127
13128
13129
13130
13131
13133
13134
13135

CARD MR. SEVERITY DETAILS DIAGNOSIS UF PROBLEM

814 
906 
91t>
976
977
1011
1062
1128
1129
1159
1 185
1207
1208
1214
1254
1400
1406
1417
1431
1554
1585
1587
1717

FIELDS 
FIELDS 
FIELDS

CONTROL
CON'iROL
CONTROL
CONTROL
CONTROL
THERE IS
CONl ROL
CONTROL
CONTROL
CONTROL
CONTROL

VARIABLE
VARIABLE
VAKl ArtLE
V AKiAoLc.
VARIABLE
NU PATH

VARIABLE
VARIABLE
V ARlAbLE
VARIABLE
VAKIABLE

IN
IN
IN
IN
IN
ro
IN
IN

1«
IN
IN

ARRAY NAME OPERAND
ARRAY N A ME OPERAND
ARRAY NAVE OPEKAND
CONTROL
C u IM "i n. G L
CONTKOL
CONTROL,
CONTKOL
CONTROL
CONTROL
CONlKOL
THERE IS

VARIABLE
V M K i n '.'• k, L

VAKlAbLt
V'AkiAttLE
VAh I AttLt
VAh J AbLb
VARIABLE
VARIABLE
NO PATH

IN
I M

IN
IN
1 N

IN
IN
IN
TO

COMMON
COMMON
COMMUN
CO MM JN
COMMON

OR

OR

OR
OR
OR

EOUIVALENCED
EQUIVALENCES
F.OUI VALLNCtD
EUU1 VALENCrD
EUUJ VALtNCED

, OPTIMIZATION
, OPTIMIZATION
, OPTIMIZATION
, OPTIMIZATION
, OPTIMIZATION

MAY
MAY
MAY
MAY
MAY

BE
BE
BE
BE
BE

INHIBITED
INHIBITED
INHIBITED
INHIBITED
INHIBITED

1HIS STATEMENT.
COMMON
COMMON
COMMJN
COMMON
COMMON

OR
OR
OK
OR
OK

EUUI VALEN'CED
K.lvUIVALENCED
EUUI^ALLNCED
EQJIV A[,ENCED
EOUIVALENCED

NOT SUBSCRIPTED, FIRST
NOi SUBSCKIPTLO, FIRST
NOT SUBSCRIPTED, FlKST
C 0 M M J N
C?" " .".

COMMON
COMMON

COMMON

COMMON

COMMON

COMMUN

OH
OK
OK
OK
OR
OK
OR
OK

KUUIVALENCLD
K'.'U I J AL> ̂ <~^'r)
E'JUl V ALENCFD
KCJUI VALENCt.U
K(JU1 VALtNCrS
EOUI V ALENCKU
EUUIV ALLNCES
LCvJI V ALEMCED

, OPTIMIZATION
, OPTIMIZATION
, OPTIMISATION
, OPTIMIZATION
, OPTIMIZATION
ELEMENT wlLL bE
ELEMENT ^ILL BE
ELEMENT wILL BE
, OPTIMIZATION
. nt-rj MIZA n ON
, OPTIMIZATION
, OPTIMIZATION
, OPTIMIZATION
, OPTIMIZATION
, OPTIMIZATION
, OPTIMIZATION

MAY
HAY
MAY
MAY
MAY

BE
BE
HE
bE
BE

INHIBITED
INHIBITED
INHIBITED
INHIBITED
INHIBITED

USED.
USED.
USED.

MAY
MAY
MAV
MAV
MAY
MAY
MAi
MAY

BE
hr.
BK
HE
bt:
BE
nE
BE

INHIBITED
INHIBITED
INHIBITED
INHIBITED
INHIBITED
INHIBITED
INHIBITED
INHIBITED

THIS STATEMENT.
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CARD NR.
1730
1737
17S7
179o
1827
1830
Ib33
1840
1851

SEVEHITY
I
I
1
I
I
I
I
I
1

DETAILS DIAGNOSIS OF PROBLEM
CUN1KUL VAKIAbLE
CON THOU VAKlArtLE
CONTKUL VAKlAbLE
CONTROL VARIABLE
CONTROL VAkJAbuE
CONTKUL VAKIAHLE
CO'HKJL VAklAKLfc.
CONTHUL VARIABLE
CONTROL VAKIAHLE

IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON

COMMON 
COMMON

OH
OH 
OH 
OH 
UK 
OH 
OR 
OH 
OK

EQUI VALENCED, 
EQUIVALENCE!), 
EQUIVALENCE, 
EOUIVALtUCc.D, 
KUUIVAl.fc.NCbD, 
EQUIVALENCE!), 
KOUI VALENCED,

EQUIVALENCE!),

OPTIMIZATION

OPTIMIZATION 
OPTIMIZATION 
OPTIMIZATION

OPTIMIZATION 
OPTIMIZATION

MAY
MAY 
MAY 
MAY
MAY
HAY
MAY
MAY 
MAY

BE 
HE 
HE 
HE 
BE 
BE 
BE 
bE 
BE

INHIBITED 
INHIBITED 
INHIBITED 
INHIBITED 
INHIBITED 
1NH1HI TED
iNHiai TED
INHIBITED 
INHIBITED
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10

15

20

25

30

35

40

45

SUBROUTINE ALTRAN

COMPUTE TRANSM1SSIVITY AND T-COEFFICIENTS FOR ALL, LAYERS

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,ERFLAG, FINLTS
LOGICAL TKACf.,USc;LCH,USF.KMS,tJSEt)10,HFbOOO r MF7000
COMMUI</GLriHkM/CL£iURh.,£RFL,AG,FINLTS,LCMFL,SCMFL,VERBIG
COMMON / V Oir'fr'iiT/ LC?H 1 , LC/;~L, LCCT:: , LCT, L.CC, I..CTK, LiCTC, LCTK , LC LV .
1LCFL,LCGI,,LCV,LCXI,
2LCHOT, LCPERM,
3LCrL,LClLK.LCSL,LCZCB,LCRATE,
4NVPN,uNPK,l>iNPC,NNPL,NN A L,N*PR,NWPC,N«PL,NWAL, TRACE, TODAY 

COrtKON/MFSI2t;/USfc,L,CM,USt:KMS,JSEBlU,MFbOOO,MF7000,NWDLCM,
1LCMPTRC150)

LOOP, ROW, COLUMN, LAYER POINTERS 

COMMON/LOOPS/I,J,K,IO,JO,KO,I1,J1,K1 , I2,J2,K2 

ITERATION AND TIME PARAMETERS

LOGICAL L1TS1P,LITPIS,MBALPR,CNVRG
COMM()N/lTPAKM/NP,KT,IT,NPEH,'VUHT,MODPR,HriALPR,lTMAX,ITMX 

1RHOP(20),*MAX,GNVKG,ITTS(200),DAMP,L1TS1P,LITPIS

OPTION DEFINITIONS

LOGICAL n TABLE, RCHWG,TPLEAK,EQ S3, EQN4 
COMMON/ OP TUff /wTAtsLc.,TRLEAK,RCHKG,EClN3,EON4

RESTART POINTERS

LOGICAL SELRES,KESTRT,RSRTPP,RSRTTS,RSRTIT 
INTEGER UUTVSN
COMML)N/RSrPTK/SELKES,RESTRT,RSRTPP,RSRTTS,RSRTIT,INVSNC2) , 

10UTVSNC2)

GRID SI^ES

LEV El, 2,DEI,X,DELY,DELZ,DELX1 , DEL YI , DELZI , FACTX , FACT Y , FACTZ 
COMMON/ULbXVZ/Ut,LX(150) , UELY( lbO),UELZ( 150), DELX 1(150) ,DELY1(150) 
1DELZK 150),FACTX(150),FACTlTC150),FACrZC150)

I/O FILES

INTEGER HDUMP,HAK1N,BAKOUT,PRFILE,OBSFIL
ctj^nij;«/ic;riur:/;.L;uMr , .-.LTr,, B^r;:r: ,^AKDL;T, INFILE,PHFILE, DysFiL

CYBER-176 LCM LEVEL-2 ARRAY DEFINITIONS 

LEVEL ?,HXA , HXH, HXC

13136
13137
13138
131 39
13140
13141
13142
13143
13144
13145 
13116 
13)47 
! 314* 
1 3149
13150
13151
13152
13153
13154
13155
13156
13157
13158

55
COK«ON/LCMb/HXh(riOOO) 
COMMUN/LCMC/hXCC6000)

13160
13161
13162
13163
13164
13165 
1316b 
13167 
13368
13169
13170
13171
13172
13173
13174
13175
13176
13177
13178
13179
13180
13181
13182
13183
13184 
' *» gs
13186
13187
13188
13189
13190
13191
13192

785
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60

65

70

BO

85

100

105

110

9999-9 
C 
C 
C

c 
c
c
19995
99996

LOGICAL CALZ,CALC

FILE ALREADY POSITIONED FOR PROCESSING BY DATAIN

lF(THACc.)CALL P«ENT("ALT*AN") 
CALL LOCLEi/(KO)
CALL BUFIN(hXA,"HXA",NIN,KO) 
CALL LOCLLV(Kl)
CALL bUFiiV(MXB,"riXB",NIN,KD 
CALL LOCLt:v(Ko-2)
C A' ' • BUFINf |-iXC," w XC",NI" "0-2)

SET LAYERS TO ALL LAYERS FOR INITIALIZATION 
AND

INSURE CALLS TO TCOFZ 

CALZ=.TRUE.
KLAST=i 
MLOOP=0

IF(.NOT.(K.GE.l)) GO TO 99998

CALCULATE ONLY ON LAYERS .GE. KLAST

CALC = K.(;E.KLAST

MODML=HOD(MLOOH,3)

BRANCH TO APPROPRIATE LOGIC

HXC IS MIDDLE LAYER

IF(CO).NE.(IKODWL)) GO TO 99996
CALL LUCLEV(K-l)
CALL BUFUUT(HXA,"HXA",NOUT,K+2)
IFCCALZ.ANU.CALOCALL TCOFZ C riX C, HXB , K )
CALL dUFliXrtXA, "HXA" , NIH,K-1 )
1F( .K'DT. (CALO) GO TO 99995
CALL TPANS(riXB,HXC,HXA)
CALL TCOFKC(HXC,K)

HXA IS MIDDLE LAYER

GO TO 99997
IF(Cl).NE.MODML)) GO TO 99994
IFC.NDT.IK.NE. .KO)) GO TO 99993
CALL LOCLEV(K-l)
CALL, r*UFOL)T(riXB,"HXB t',N3Ur,K-f2)
ITCCALZ. A.\L-.CALC) CALL TCCTZ ( HX .».. ll.f.1, r. )
1FIK.NL-KO)CALL BUKJN(HXB, M HXB H ,NIN,K-1)
IF(.NOT.(CALC)) GO TU 99992
CALL TRANSCHXC,HXA,HXB)
CALL TCOKKC(HXA,K)

HXts IS MIDDLE LAYER

13193
13194
13195
13196
13197
13198
13199
13200
13201
13202 
1 7 ?03
13204
13205
13206
13207
13208
13209
13210
13211
13212
13213
13214
13215
13216
13217
13218
13219
13220
13221
13222
13224
13225
13226
13227
13228
13229
13230
13231
13232
13233
13234
13237
13238
13239
13240
13240
13241
13242
13243
1 *•>*£.

13246
13247
13248
13249
13252
13253
13254
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115

120

99992 GO TO 99997
999^4 1F( (2) .Nh. (MODML)) GO TO 99991

1F( .NJT. (N.NK.M )) GO TU 99990
CALL LOCLt:V(tv-l )
CALL BUF(JUl(HXC,"HXC",NOUT,K-t-2)

99990 IFCCALZ. AMU . CALC) CALL TCUh Z ( HX H , HX A , K )
IFCN.NK.KDCAL.IJ BUFIFJ(HXC,"HXC",NIN,K-D 
IFC.NJT. (CALO) GO TO 99989 
CALL rKANS(HXA,HXB,HXC)
C'.LL, TrOFKCCHXB,.".) 

99989

13255

130

135

140

CONTINUE 
99*97 K=K-1

GO TO 99999 
C 
C 
C 
9999H

STOKE BOTTOM LAYERS ON MASS STORAGE

DO 99988 LOOP=1,2
KL=3-LOOP
MLUUP=KO-KL+1
MOL)ML = MOO(MLOOP r 3J
1F(CO).Nt.(HOOML)) GO TO 99986
CALL BUFUUT(riXC, H HXC",NOUT,KL)
GO TO 999d7 

999B6 IF( (1 ) .(vt.CMOOML)) GO TO 99985
CALL HUK()UT(HXA,!'HXA't ,NQUT,KL)
GO TD 999b7 

99985 IF((2).NL.(MODML)) GO TO 99984
CALL BUFOyT(riAB,"HXB B ,NOUT,KL) 

999-34 COHTINUfi 
99967 CONTINUE 
99988 CONTINUE

RETURN
END

13256
1 3257

132bO
13261
13262
13263
13264 
13267 
1 3267 
1326»
13269
13270
13271
13272 
132/3
13274
13275
13276
13278
13279
13281
13281
13282
13284
13284
13285
13287
13288
13268
13289
13290

7«7
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10

15

20

25

30

35

40

45

50

5b

SUhROUTlNE ITCOEF(HXU,HXL)

CALCULATE HHO COEFFICIENTS FOR 1TPARM USING UPPER (HXU) AND 
LD«ER (HXL) LAYERS

GLOBAL PARAMETERS

INTEGER 8CMFL.TODAY,ERFLAG,FINLTS
LOGICAL THACh ,USt.L,CM,USh;KMS,USi-:6iO,MFbOOO,MF7000
COMMUN/Gl.BPK*/CLi>UKE, t-KKLAG, FlNLTS, LCMFL , SCMKL , VEHBIG
COMMUN/VdfFST/LCPnI,LCwEL,LCSTK,LCT,LCS,LCTR,LCTC,LCTK,LCEL,
lLCKL,LCGL r l-.CV,LCXl,
?LCf*OT, LCfEKM,
3LCTL,LCTLK,LCSL,LCZCB,LCRATE,

COMMON/ «FSl^E/USfc.LCM,USEHMS, US t;B10,MK6000,MF 7000, NWDLCM, 
lLCMPIRCli.0)

LOOP, ROW, COLUMN, LAYER POINTERS 

COMMON/LOOPS/I,J,K, IO,JO,KO,I1,J1,K1,I2,J2,K2 

OPTION DEFINITIONS

LOGICAL Kf AbLE,RCHRG,TRLF,AK,EQN3,EQN4 
COMMON/UPrDEF/hVAbLE,TRLEAK,RCHRG,EON3,EQN4

GRID SIZES

LEVEL 2,Dt:LX,OHJ Y,DELZ,DELXl,DELYI , DELZI , FACTX , FACT Y , F ACTZ 
COMMON /Ut-LXYZ/OELXClbO) ,DELY(lbO),DELZ(150),DELXI(150),DELfI(150), 
1DELZIC1SO) ,FACTX(150),FACTY(150),FACTZ(150)

COMPUIATIUNAL INTERMEDIATE SCALARS

COKMON/ClSCAL/B,D,F,H,RHO,RhQi,RH02,RH03,SU,Z
COKHON/KJVh/NR,NK^,NrQr,NADDC20),NRC(20),(JS(i!0),RQ(20),KFLO»((200), 
!UMAX(200),KFLO«(C200),HIVt;R(200),T(J(200),VK(200),lNDXC2,200),QR

2D BOTTOM AND PERMEABILITY 

COMMON /BOTPRM /BOTTOM (1,1) , PERM (1,1) 

RECHARGE

LEVEL 2, ORE 
COMMON/RhCH/(JRE( 20, 20)

WATER SURFACE

LEVEL 2,*SUR 
COMMON/KSJKF/*SUR( 20, 20)

RIVERS 

LEVEL 2,UHA

13291
13292
13293
1 3294
13295
13296
13297 
1329B
13299
13300

13302
13303
13304
13305
13306
13307
13308
13309
13310
13311
13312
13313
13314 
133lb
13316
13317
1 3318
13319
13320
13321
13322
13323
13324
13325
13326
13327
13328
13329
13330
13331
13332
13333
13334
13335
13336
13337
13338
13339
13340
13341
13342
13343
13344
13345
13346
13347
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60

65

70

75

80

90

95

100

105

110

c 

c
c

c
c
r

C
C
C

C
C
C
C

C
C
C

C
C
C

c
c
c

c
c
c

c
c
c

c
c
c
99996

CO«MON/RIVR2/URA( 20, 20)

LEVEL 2,HXU,HXL 
DIMENSION HXU( 1) ,HXL(1) 
INTEGER HOW, COL

IF(TR/\CL)CALL HRE(JT.( " I TCOEF" )

LOOP ON ALL NODES, SKIPPING F1RST+LAST ROwS+COLS OF THIS LAYER

LFVvTN = rJWPK-NVPN-H
NEND=NNPL-2*NNPR
DO 99999 LOOP=1,HEND
L F W f H - L F * T N + N V P N
COL = MOI)(LUUP, NNPR)
IF( .NOT.(COL.Gr. 1) ) GO TO 99998

SKIP IF NODE OUTSIDE AQUIFER

IFC.NOT. (HXU(LF*HTH + LCT) . GT . 0 . AND . HXU ( LFWTN + LCS ) .GE.O.) ) 30 TO 9999
17

TRANSH1SSIYITY COEFFICIENTS
NORTH

ROw=LF*TN/NKPR+l

NORTH

B = HXU(LF*TN-fLCTC-NHPR)*DEL¥I(ROW)

EAST

F=HXU(LFrtTN+LCTR)*DELXI(COL)

SOUTH

H = HXU(LK*TN-(-LCTC)*DELYI(ROrf)

WEST

D=HXU(LF*TN-fLCTR-NVPN)*DELXI(COL)

UP

SU = 0.
IF( .NOT. (K.NE.KO) ) GO TO 99996
SU=HXU(LFW1N*LCTK)

DOWN

Z = 0.
IFC.NOT. (K.NE. J )) GO TO 99995
Z = HXL(LFWTt4*LCTK)
!F(EON3)Z = Z*D£LiiJ (K)

13348 
13349 
13350 
13351 
13352 
13353
13354 
13355
13356
13357
i 3--8
13359
13360
13361
13362
13363
13364
13365
13366
13367
13368
13368
13369
13370
13371
13372
13373
13374
13375
13376
13377
13378
13379
133BO
13381
13382
13383
13384
13385
13386
13387
13388
13389
13390
13391
13392
13393
13394
13395

13398
13399
13400
13401
13402
13403
13404
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115

120

125

130

C
C CALCULATE RHO CONSTANTS
C
9999b rXM=AMAXl (D,K)

TYM=AMAX1CB,H)
TZM=AMAX1(SU,Z)

IF(l>h:N.KU.t»DKN=TXM
IF(UKN.Nt.O.)KM01=AHAXl ( RH01 , T KM/DEN )
n£N = A".IM (b.HJ
IRDLN.cO.O. )DEN=TYH
IKCUKN.Nh.O. )HriU2=AMAXl(Rri02,TXH/DEN)

IFCUEN.tu.U. )DFN=TZH

99997 CONTINUK
99998 CONTINUE
99999 CONTINUE 

RETURN 
END

13406
13407
13408
13409
13410
13411
13412
13413
13414
13415 
134lb
13417
13418
13419
13420
13422
13423
13423
13424
13425
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10

20

30

35

40

45

50

55

SUBROUTINE ITPARM

CALCULATE. ITERATION PARAMETERS (RHOP)

RHOP MAY BE DEFINED EXPLICITLY BY THE USER IN INPUT NAMELIST 
GROUP M SINLIST".HY SETTING ANY HHOP TO A NUN-ZERO VALUE.

RHOP MAY ALSO BE Dfc.FlNE.0 IN "INLIST" BY SETTING WMAX TO A NON 
ZERO VALUE. TiiE PROGRAM WILL CALCULATE RHOP USING WMAX.

RHOP MAY BE CALCULATED BY THE PROGRAM, AS A FUNCTION OF GRID SIZE 
AND DIRECTIONAL TKANSM1SSIV1fIES (TR,TC,TK). IN THIS CASE, 
NEITHER RHUP NCR "MAX MAY faE DEFINED IM"S1NLIST" AS NON-ZERO.

GLOBAL PARAMETERS

INTEGER SCMFL,TODAY,ERFLAG,FINLTS
LOGICAL 1RACE,USELCM,USERMS,USEBIO,MF6000,MF7000
COV.MUN/GLbPKM/CLSURE f ERFLAG,FINLTS,LCMFL,SCMFL,VERBIG
COMMON/VOFKST/LCPHI,LC*EL,LCS1R,LCT,LCS,LCTR,LCTC,LCTK,LCEL,
1LCFL,LCGL,LCV,LCXI,
2LCHOT,LCPERH,
3LCTL,LCTLK,LCSL,LCZCB,LCRATE,
4NVPN,NNPR,f..MPC,NNPL,NNAL,NWPR,M«'.PC,NKPL,NKAL,TRACE,TODAy 
COMMON/MtSIZ.E/USELCM,USERMS,USEB10,MFbOOO,MF7000,NWDLCM,
1LCMPTRU50)

LOOP, ROrt, COLUMN, LAYER POINTERS 

COMMON/LOOPS/1,J,K,10,JO,KO,I1,J1,K1,I2,J2,K2 

TIME RELATED SCALARS

COMMON/TSCAL/CDLT,DELT,DELTM1,DAYS,DAYSP,HRS,SMIN,SUM,SUMP,TMAX, 
1YRS,YRSP

ITERATION AND TIME PARAMETERS

LOGICAL LITS1P,LITPIS,MBALPR,CNVRG
COKMON/lTPARM/KP.KTjIT^PEK^UMT.MODPRjMBALPR.ITMAX^TMXl.NRHOP, 
1RHOP(20),»»MAX,CNVRG,ITTS1200),DAMP,HTS1P,LITPIS

HEADINGS

INTEGER HEADNG.VNAME 
COMMUN/HDG/HtADNG(14),VNAME(25)

COMPUTATIONAL INTERMEDIATE SCALARS 

COMMON/CISCAL/B,D,F,H,RHO,RH01,RH02,RH03,SU,Z 

I/O FILES

INTEGER HDUMP,HAKIN,BAKOUT,PRFILE,OBSFIL 
COMMON/10FILE/HDUMP,Mt.TA,BAKlN,bAKOUr,INFILE,PRFILE,OBSFIb

13426
13427 
1342B
13429
13430
13431
13432
13433
13434
13435
13436
13437
13438
13439
13440
13441
13442
13443
13444
13445 
1344b
13447
13448
13449
13450
13451
13452
13453
13454
13455
13456
13457
13456
13459
13460
13461
13462
13463
13464
13465
13466
13467
13468
13469
13470
13471
13472
13473
13474
13475
13476
13477
13478
13479
13480
13481
13482
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60

65

70

75

80

85

90

I/O POINTERS

LOGICAL LOGRDA,LOGRDB
INTEGER I, KM (2) , U1G(2) , LFB(2) ,LOP(2) ,NBL(2),NXT(2)

lLOPA,LOPB,NlM,PA f NbLPB,NXi'A,NXTri
E0UIVALENCt.(LFN,LF*iA) , ( LOG, LOGRDA) , (LFB,LFBOFA) , (LOP, LOP A) 
EQUlVALt.UCfc:i.NtlL,N6Lfc> A),(NXr,NXrA)

CYBER-1 lt> LCM Lh,VtL,-<! MKKA1 uc.r iNl i luwS

LEVEL 2,HXA,HXB,HXC 
COMMON /LCMA/HXAC8000) 
CQMMUN/LCrtb/HXh(8000) 
COMMON /LCKC/HXCC 8000) 
LOGICAL 6K1P1T.SKIP*

1F(TRACE)CALL PKENTC " JTPARM" )

SKIP LOGIC IF ITEHATION PARAMETERS DEFINED BY USER

SKIPW=.FALSE.
SKIPIT=.FALSE.
LOUP=i 

99999 IFCSKIPIT.OR.(LOOP.GT.NRriOP)) GO TO 99998
SKIPIT=KHUP(LUOP).NE.O.
LOUP=LOOP-H
GO TO 99999 

9999W IF(.NOT.(.NUT.SKI PIT)) GO TO 99997
SKIP*=WMAX.NE.O.
1F(.NOT.(.NOT.SKIPw)) GO TO 99996
IF(.NOT.(USEBIO)) GO TO 99995

POSITION FILES AND RESET FILE POINTERS 

CALL BDKEOFCLFNTBVO
CALL riUFHEW(LFNTBW) 
CALL BUFK£w(LFNTBR) 
1TEMPF=LFNTB*

100

105

110

LFNTuR=ITEMPF 
C
C FILES NOW POSITIONED FOR PROCESSING 
C 
C
C LOAD TOP LAYER (KO) INTO HXA AND (KO-1) INTO HXB 
C 
99995 CALL LOCLEV(KO)

CALL bUFiii(HXA,"HXA",!CI^,iCO}
CALL LOCLEV(KO-l)
CALL BUFI.MCHXB, "HXB" ,NIN, KO-1) 

C
C INITIALIZE CONSTANTS 
C

PIC=3.141593**2
WMIN = 1 .

13483
13484
13485
13486
13487
13488
13489
13490
13491
13492 
i;493
13494
13495
13496
13497
13498
13499
13500
13501
13502
13503
13504
13505
13506
13507
13508
13509
13510
13511
13512
13513
13514
13515
13516
13517
13518
13519
13520
13521
13522
13523
13524
13525
13526
13527
13529
13530
13531
13532 
1 ^533
13534
13535
13536
13537
13538
13539
13540
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lib

120

125

130

135

140

145

150

155

160

165

170

99994
99993

C 
C 
C 
C 
C 
C

DELT=1.
XT=PIC/(2.*J2*J2)
YT=PIC/(2.*I2*I2)
ZT=PIC/(2.*KO*KO)
HH01=0.
RHU2=0.
RH03=0.

LOOP ON ALL LAYERS - TOP TO BOTTOM
CALLS TU ITCOEF PASS (UPPER,LOrtER) LAYERS

MLODP=0
K=KO
GO TO 99993
JF(K.LE-.l) GO 10 99992
MLOOP=MLUOP*1
MDDML=MOD(rtLOOP,3)

BRANCH TU APPROPRIATE LOGIC

HXC IS TOP LAYER, HXA IS BOTTOM

IF((0).NE.(MOUML)) GO TO 99990 
CALL LOCLEVCK-2)
CALL BUFiN(HX6,"HX6",NlN,K-2) 
CALL ITCUEt(HXC,HXA)

HXA IS TOP LAYER, HXB IS BOTTOM
C 
C 
C

GO TO 99991 
99990 IK(l).NE.CMODML)) GO TO 99969

CALL LOCLEV(K-2)
CALL BUFlNCHXC,"HXC",NlN,K-2)
CALL ITCOEF(HXA,HXB)

HXB IS TOP LAYER, HXC IS BOTTOM
C 
C 
C

GO TO 99991 
99989 IF((2).NE.(MODML)) GO TO 99988

CALL LOCLEVCK-2)
CALL BUFINCHXA, M HXA",NIN,K-2)
CALL ITCOEKCHXB,HXC) 

99988 CONTINUE
99991 K=K-1

GO TO 99994
99992 IFC.NOT.(USEBIO)) GO TO 99987

CALL BUFHtW(LFNlBR) 
C
c CALCULATE CONSTANTS 
c
99987 XPAKT-XT/C!,+PHOi) 

YPAKT=YT/(1.+HH02) 
ZPAKT=ZT/(1.*RH03)

13541
13542
13543
13544
13545
13546
13547
13548
13549
13550 
l-Jbbl
13552
13553
13554
13554
13555
13556
13557
13558
13559
13561
13562
13563
13564
13565
13566
13567
13569
13570
13571
13572
13572
13573
13574
13575
13577
13578
13579
13580
13580
13581
13582
13583
13585
13586
13587
13588
13589
13591
13592
13593
13594
13595
13596
13597
13598
13600

793



APPENDIX VIII: SIMULATION PROGRAM LISTING, IN FORTRAN - CONTINUED

175

180

185

190

195

200

205

210

C CALCULATE RHUP 13601
C 13t>02
99996 P2=NRHOP-1 13603

PJ=-1. 13604
DO 999B6 LOOP=1,HRHOP • 13605
PJ=PJ+1. 13606
KHOH(LOOP)=1.-(1.-WMAX)**(PJ/P2) 13607

99980 CONTINUE 13608
C 13610
C PRINT OUT ITERATION DftRftMFTPDR i^bll

C 13612
99997 a'RITECPRKILE, 1006)HEADNG 13613
1006 FORMAT("1",1JA10,A2) 13bl4

*RlTE(PRf ILK, 1000) 13611)
1000 FOKMAT(/JX,T4b,"SOLUTION BY STRONGLY IMPLICIT PROCEDURE (SJP)"/ 13616

1 1X,T45," ———————— —————————————————————————————— ————"//) 13617
CALL PKDATE 13618
WRlTt:(PRKlLE, 1001 )NRIIOP, ( LOOP, RHOH ( LOOP) ,LOOP=1,NRHOP) 13619

1001 KORMATC1X,15," 1TEKAMON PARAMETERS DEFINED"// 13620
KlX,Ib,":",El5.7)) 13621
IFf.NOT.(SKIPIT)) GO TO 99984 13622

* WK1TEIPKFILE,1U02) 13623
1002 FORMATC/1X, "I fl-RATION PARAMETERS (RHOP) WERE EXPLICITLY DEFINED BY 13624

1 THE USER AND NOT CALCULATED BY THE PROGRAM.") 13625
GO TO 99985 13626

99984 IF(.HOT.(SKIP*)} GO TO 99982 13628
wrtll'Ef PKK1LE, 1003)wKAX 13629

1003 FORMATC/1X,"ITERATION PARAMETERS (RHOP) WERE CALCULATED BY THE PRO 13630
IGRAK FROM WNAX (",E12.5,"), wMlCH. ^AS DEFINED BY THE USER.") 13631
GO TO 99983 13632

99982 WRITE(HRFILE,1004)WMAX,kH01,XPART,KH02,YPART,RH03,ZPART 13634
1004 FOkMAT(/lX,"JTLKAT10N PARAMETERS (RhOP) »,ERE CALCULATED 3Y THE PRO J3b35 

1GRAM AS A FUNCTION OF GKlU Silt AND DIRECTIONAL TKANSMISS1V1IIES." 13636
2//lX,"TEMHUHAky VARIABLES hERE:"/ 13637
31X,"WMAX =",E12.5/1X, "RriCJl = " , El 2 . 5 , 2X , "XPART = " , El 2. 5/ 13638
41X,"KH02 =",E12.5,2X,"YPART = ",El 2.S/ 13639
51X,"RH03 =",E12.b,2X,"ZPART=",E12.5) 13640
RETURN 13641

99983 CONTINUE ' . 13643
99985 END 13644
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IS

20

25

SUBROUTINE SETLlM(CHl,CH2,Lm, ERROR) 

INSURE THAT 0.LE.CH1.LE.CH2.LE.LIM

I/O FILES

INTEGER HOUMP,BAKlN,t3AKOUr,PRFILE,OBSFIL
COMMON/1 Of lLE/MUUMP,KETA,bAMN,BAKOUr, INF I LE, PKFI LE, OBSFIL
LOGICAL ERROR
INTEGER CHi,CH2 

C
C CHECK FUR NEGATIVE OR .GT.LIH 
C

IF(.NOT.(Cril.LT.O.OR.CH2.LT.O.OR.CHl.GT.LIM.OR.CH2.GT.Ll'O) GO TO 
19999B
WRITECPRFILE, 1001)CH1,CH2,LIH
EKROR=.TRUE.
GO TO 99999 

C
C . CHECK FUR Chl.GT.CH2 
C 
99998 IFC.IJOT. (CH1.GT.CH2)) GO TO 99996

IFC.NDT.(CH2.EO.O)) GO TO 99994
CH2=Chl
GO TO 99995 

9999-1 WRJT£(PKFlL,h;,lOOO)CH2, CH1
ERROR=.TkUE.

99995 GO TO 99997
C
C IF CH1,CH2 BOTH ZERO, SET CH1=1, CH2=LIM
C
99996 IF(.NOT.(CH1.EQ.O.AND.CH2.EO.O)) GO TO 99992

CH1 = 1
Cri?=LIH
GO TO 99993 

C
C IF CHl=ZtRO, SET CH1=CH2 
C
99992 IFCCH1.EO.O)CH1=CH2
99993 CONTINUE 
99997 CONTINUE 
99999 KETURN
1000 FOKMATC/IX, "ERROR IN RO«I,COL OR LAYER INDEX. " , I 5 , " MUST BE .GE. L 

1IMIT OF",15)
1001 FORMAT(/1A,"ERROR IN ROW,COL OR LAYER INDEX. " , 15," ftND ",I5," KUS 

IT BOTrt BE .GE. ZERO AND .LE. 
END

13645
13646

13648
13649
13650
13651
13652
13653

13655
13656
13657
13658
13659
13659
13660
13661
13662
13663
13664
13665
13667
13666
13668
13668
13670
13671 
13673 
13o74
13675
13676
13678
13679
13680
13681
13682
13683
13684
13686
13688
13689
13690
13691
13692
13693
13694
13695
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